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NEW ANTI-TUBERCULOUS DRUG 


NYDRAZID 


Squibb Isonicotinic Acid Hydrazide Tablets 


For detailed information on NyDRAZID, 
new orally active anti-tuberculous agent, 
write to Professional Service Department, 
E. R. Squibb & Sons, 745 Fifth Avenue, 


New York 22, New York. 


“NYDRAZIO’ 1S A TRADEMARK OF E. #. SQUIBD & SONS 
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Best Bacteria Barrier 


Kenwood Interfolded Sputum Napkins 
in Metal Dispenser — by WILL ROSS, INC. 


@ Products that make the sputum napkin technique work. 


®@ Kenwood Napkins are far less permeable than facial 


tissues or gauze. 


@ Attractive dispenser (offered on leasing arrangement) 


eliminates unsightly piles of loose napkins. Patients like it. 


@ Only two napkins (recommended number) dispensed at 


one time. Neat and economical. 


See your Will Ross representative. 
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Dihydrostreptomycin Sulfate 


A drug of Choice 


Numerous studies by leading clinicians confirm that 

Crystalline Dihy drostreptomycin Sulfate is as effective - e 
as streptomycin, minimizes pain and swelling at the 4 n Tu bercu losis 
site of injection, and may be used even in some patients 


allergic to streptomycin. 


Furthermore, extensive comparative investigations 
have proved Crystalline Dihydrostreptomycin Sulfate 
Merck less toxic to the vestibular system. In addition 
to the dry form, this preferred product is available also 
in a convenient, ready-to-inject form as SOLUTION OF 
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MERCK 
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a statement on 


RIMIFON 


the new hocke antituberculous drug 


The studies published in the current issues of 
the American Keview of Tuberculosis, Diseases of 
the Chest and the Sea View Bulletin indicate that 
Rimifon* (isonicotinie acid hydrazide) is a potent 


antituberculous agent. 


Numerous additional investigations are now 
under way to obtain further information as to op- 
timal dosage, duration of treatment and incidence 
and significance of side reactions. The medical pro- 
fession will be kept informed by means of letters and 


announcements in medical journals. 


\t present, Rimifon is available for clinical 
investigation only but supplies for prescription and 


hospital use will be available in the near future. 


*Trade Mark 


HOFFMANN-LA ROCHE INC, 
Roche Park + Nutley 10+ New Jersey 
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CHEMOTHERAPY OF EXPERIMENTAL TUBERCULOSIS! 
V. Isonicotinic Acid Hydrazide (Nydrazid*) and Related Compounds 


JACK BERNSTEIN, WILLIAM A. LOTT, BERNARD A. STEINBERG, anv 
HARRY L. YALE 


(Received for publication January 19, 1952) 


INTRODUCTION 


A class of compounds showing high activity against experimental tuberculosis 
in the mouse has been subjected to systematic study in this laboratory. One of 
the most active compounds in this series is isonicotinic acid hydrazide (Nydra- 
zid). 


N 


O NH—NH;, 

In the present report, data are presented on isonicotinic acid hydrazide 
(Nydrazid) as well as on a number of related compounds, together with a brief 
discussion of the relationship of structure to activity. In mice infected with the 
Ravenel strain of M. tuberculosis var. bovis, isonicotinic acid hydrazide produced 
a significant increase in survival time when administered in a dose lower than 
any synthetic compound or natural product hitherto tested in this laboratory. 
Moreover, the ratio of the maximum acceptable level, when administered in 
powdered diet, to the minimum effective dose is extremely high. Following this 
lead a number of structurally related compounds were synthesized and evaluated 
for their antituberculous activity. 


EXPERIMENTAL RESULTS 


In table 1 are shown the comparative data on the antituberculous activity of 
isonicotinic acid hydrazide and p-aminosalicylic acid. Those compounds which 
showed significant delays in survival time are recorded in table 2. 

t From the Squibb Institute for Medical Research, New Brunswick, New Jersey. 


? Proprietary name, E. R. Squibb & Sons. 
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Of the compounds listed in the present report, only those which are derivatives 
of isonicotinie acid hydrazide were highly active. None of the aliphatic hy- 
drazides showed any significant activity in the mouse. None of the simple 
aromatic hydrazides exhibited appreciable in vivo activity. In the pyridine mono- 
carboxylic acid series, nicotinic acid hydrazide was inactive; picolinic acid hydra- 
zide showed activity at one-half, but not one-quarter, of its maximum acceptable 
level. The presence of the hydrazide group is necessary for activity in the 
mouse, for the corresponding amide and hydroxamic acid were inactive. Data 


TABLE 1 
COMPARATIVE ANTITUBERCULOUS ACTIVITY IN THE Mouse or Isonicorinic Actp Hypra 
zIDE (NYDRAZID) AND p-AMINOSALICYLICc (PAS) 


MEASURED DRUG : TOTAL OF 
OMPOUNT VEL IN DI N i» 
POUND LEVEL IN DIET INCREASE IN Ty quavevese 


per cont mg/kg 
Isonicotinic acid hydrazide 0.016 25 5 10 
Isonicotinic acid hydrazide 0.008 15 - 10 
PAS 0.75 1,300 5. 10 
PAS 0.375 650 3.{ 10 


Isonicotinie acid hydrazide 0.016 ‘ /10 
Isonicotinic acid hydrazide 0.008 : : 10 
Isonicotinic acid hydrazide 0.004 : 10 
Isonicotinic acid hydrazide 0.002 : 8.! 10 
PAS 0.75 10 
PAS 0.375 10 


Isonicotinic acid hydrazide 0.002 : f 10 
Isonicotinic acid hydrazide 0.001 ; 10 
PAS 0.75 10 
PAS 0.375 3.! 10 


Isonicotinic acid hydrazide 0.002 f 8/10 
PAS 0.75 ¢ 0/10 
PAS 0.375 5. 0/10 


on other derivatives of isonicotinic acid hydrazide and related compounds will 
be reported in a subsequent paper in this series. 

Those compounds inactive in vivo showed low activity in vitro ina standardized 
test (1). Compounds active in vivo showed high activity in vitro or could con- 
ceivably be broken down in vivo to isonicotinic acid hydrazide. 

The compounds were tested in a standardized in vivo test against VW. tuber- 
culosis var. bovis, strain Ravenel (2). 


In this test, groups of ten mice of the CF #1 strain were infected intravenously. The test 
drug was administered by mixing it with finely ground Rockland mouse pellets and letting 
the mice eat ad libitum for 23 days (21 days post infection). The criteria used for detection 
of activity against tuberculosis were: (/) the increase in Ty (time of death of 50 per cent 
of the mice) between the test mice and the untreated controls; and (2) for highly active 


| 
\ 


TABLE 2 
Compounps Active AGAINST TUBERCULOSIS IN THE MousE 


MIN- 
IMUM MAXIMAL MEAS- 
INHIBI- ACCEPT- URED 
| TING ABLE DRUG 
CONCEN-| DRUG IN- 
TRATION INTAKE TAKE 
DAILY 


STRUCTURE 


CHANGE IN Tee 


mg/kg days 

O | 0.02) 15* 

— 15* 
N S—c—NH— NEL" 15+ 
15* 

8.5t 
| 7.0t 


H,N—NH—C 


CH; 


OH OH OH | 0.15) 1,000} 400 | 
| | 250 
-NH—N=CH—CH—CH—CH—CH—CH;—OH 120 


OH 


| 0.08) >2,000) 


| 
—NH NH—C—CH, 


—C—NH—NH—C— 


* Isonicotinic acid hydrazide (Nydrazid). 
t An increase in Ty of three days or more is considered significant, P < 0.01. 
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im vitro 
0.15, 40 [15+ | 
25 | 1.5 
SY 
| 
O 0.1 64) 30 |15* 
~ | 15 |15* 
3/13 | 
| 
O 15* | 
15* 
N 15* | 
25 |15* 
O 900 15° i 
450 15* 
200 | 2 
25 0 
15 1,000} 550 
250 |12.5 
N 
oO oO 8.0 500, 200 15* 
- 100 15* 
— 15 15 
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= 
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compounds, the number of mice which survived the test period (35 days). In this stand- 
ardized infection, the Ty of the untreated controls is usually between 17.5 and 20 days. 
No control mice survived for 25 days. Mice fed 0.375 per cent and 0.75 per cent of p-amino- 
salicylic acid (PAS) served as drug controls. p-Aminosalicyclic acid at the levels given pro- 
duced approximately a four- and seven-day increase in Ty, respectively. 


Data on the other compounds are listed in tables 2 to 5 inclusive. In table 3 
the aliphatic and alicyclic compounds are listed. In table 4, the results of tests 
done with the aromatic derivatives are presented, and the inactive hetero- 
aromatic compounds related to isonicotinic acid hydrazide are listed in table 5. 


TABLE 3 
ALIPHATIC AND HypDRAZzIDEs 


MINIMUM 
MAXIMAL 

INHIBITING | 

CONCENTRA- save IN 


BCG in vitro TAKE DAILY 
me/ke mg/kg 
-~-NH, 150 o4 30 
15 
NH—CO—CH, 600 3: 15 


80 


HC—CO—NH—NH, 


CO—CH,CH,—CO—NH—NH, 
-CO—NH—NH, 


CH,CH, 
(Trans) 
CO—CH CH—CO—NH—NH;,; 300 


CH,CH, 


In each table are recorded the structure of the compound, the approximate 
maximum acceptable level of the drug, the measured drug intake averaged over 
the first seven days in the therapeutic test, the corresponding change in Tso, and 
the minimal inhibitory concentration tn vitro for the BCG strain of M. tuber- 
culosis. 

The minimum effective daily dose of isonicotinic acid hydrazide when admin- 
istered in the diet to the infected mouse was less than 2 mg. per kg. but may be 
close to this figure in view of the high slope of the dose response curves for re- 
lated compounds. The maximum acceptable level of isonicotinic acid hydrazide 
in the diet corresponds to a daily drug intake of 64 mg. per kg. When mice were 
given daily subcutaneous injections of the drug for seven days, the corresponding 
maximum tolerated dose was found to be 125 mg. per kg. The close correlation 
of these two figures suggests that the material was well absorbed from the ali- 


\ STRUCTURE 
T 
days 
CH,—CO—NH 0.0 
—1.5 
CH,;—CO—NH 0.5 
| 7 —2.0 
H,N—NH—CO—CH 500 200 —1.0 
, 120 0.5 
H.N—NH 25 250 110 1.5 
| 50 —0.5 
} CH,—(CH, 3 125 55 1.5 
25 0.5 
H,N—NH Po 1,000 400 0.5 
230 0.0 


ISONICOTINIC ACID HYDRAZIDE 


TABLE 4 
Aromatic HyprazipEs AND RELATED Compounps 


MINIMUM 
INHIBITING 
CONCENTRA- 
|TION FOR BCG 
in vitro 


MAXIMAL 
ACCEPTABLE | MEASURED 

DRUG IN- 
TAKE DaiLy | TAKE DAILY | 


me/ke | 


STRUCTURE 


0.6 b+ 


mg/kg 
25 
14 


C.H;,—CO—NH—NH, 

4—Cl—C,H,—_CO—NH—NH, 
4—Br—C,H,—_CO—NH—NH; 
4—I—C,H,_CO—NH—NH; 


4—NO,—C,H,—_CO—NH—NH, 


2—NO,—C,H,—CO 


3—NO,—C,H,—CO 


4—NH,—C,H,—CO 


2—NH;—C,H,.—CO 


3—NH,—C,H,—CO 


4 (CHs);:N—C,H,- 


4—OH—C,H,—CO 


4 (H,C C,H, 


3—(H,C—O)—4 


4—(H:.N—NH—CO 


4—C!1—C,H,—CH, 


C.H;—CH;—CO 


C.H,—CH=CH—Ct 


(CH,),CH CO N 


(CsHs).C(OH)—CO 


C.H,—CH(OH)—c¢ 


4—NH,—C,H,—SO, 


4—NO,—C,H,—NH 


OH 


N 


NH—NH; 


NH—NH, 
NH—NH; 
—NH—NH; 
-NH—NH; 
CO—NH—NH, 
NH—NH, 


CO—NH—NH;, 


C.H;—-CO—NH—NH, 


>2,000 | 


C,H,-CO—NH—NH, 2,000 | 


CO—NH—NH, 1,000 


H—NH, 


\—-NH—NH, 


H—NH;, 


-NH—NH, 


)—NH—NH,; 


NH—NH; 


NH—CO—CO—O—C;H, 


CHANGE IN 


¢ 


on 
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days 
1.0 
1.5 
3.0 125 50 2.0 
30 0.5 
12 64 30 0.5 
14 —0.5 
6.0 125 45 —3.5 
25 0.0 
ee 12 250 100 —0.5 
60 0.0 
300 1,000 400 —2.0 
200 —1.0 
ee 0.6 125 50 1.0 
25 0.0 | 
FP 6.0 500 175 3.5 
100 1.5 | 
Pp 30 250 100 2.0 
50 1.5 
Pe 3.0 250 100 1.0 
50 —0.5 
Po 6.0 250 100 0.0 | 
70 0.5 
12 1,000 500 2.5 | 
| 250 1.0 | 
— 8.0 125 50 0.0 
25 0.5 
30 750 —3.0 
350 —1.0 
87 | -0.5 
400 -1.5 
400 —1.0 
| 200 1.0 
ee 12 250 100 0.5 . 
55 0.5 
ee 0.4 >2,000 | 1,900 | | 
900 l 
100 2,000 900 
450 
ee 100 500 200 0.0 
100 2.5 
es 40 125 50 —3.0 
30 ~3.0 
25 64 25 —1.5 
13 0.0 
0.03 64 2% | -2.0 
13 1.0 
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TABLE 5 


Inactive Hereroaromatic Compounps Re.atTep To Isonicorinic Acip Hyprazipe 


MINIMUM 
INHIBITING MEASURED 
CONCENTRA- DRUG IN- DRUG IN 
TION FOR BCO TAKE DAILY TAKE DAILY 


me/hg mg/kg 


2.0 250 100 
50 


>2,000 


Oo NH—NH, 


* Gardner, T. 8., Winis, E., Smith, F. A.: The synthesis of compounds for the chem 
otherapy of tuberculosis: II. Hydroxamic acid derivatives, J. Am. Chem. Soc., 1951, 73, 
5455. Compound reported to be inactive. 


mentary canal of the mouse. Thus, the behavior of this compound is in contrast 
to that of the thiosemicarbazones which are poorly absorbed at high levels in 
the mouse, rat, and dog (3) 
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days 
0.5 
C—NH—NH, 
N 
Oo 120 1,000 400 1.0 
200 0.5 
N ~-C—NH—OH* 
| O 1,000 2,000 1,400 —2.0 
| 900 —0.5 
N —C—NH 
a oO 3.0 125 60 1.5 
30 1.0 
N — C—NH—NH— » 
O 400 | 1,000 0.0 
i 500 1.0 
C—NH—NH; 
OH 
7? N 
4 
CH, 
’ N 80 500 200 0.0 
i 100 0.0 
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Because of the high activity in vivo, isonicotinic acid hydrazide was tested, 
using a delayed therapy technique. The data from these experiments are pre- 
sented in table 6. The level of isonicotinic acid hydrazide was one-quarter of the 
maximum acceptable level and was known to be effective. It is evident that after 
seven days’ delay in treatment all mice survived when treated in diet or sub- 
cutaneously. When treatment was delayed fourteen days, most of the mice were 


TABLE 6 


DELAYED Tuerapy Test—Isonicotinic Actip Hyprazipe (NYDRAZID) 


Isonicotinic 
drazide 
PAS 


Isonicotinic 
drazide 
PAS 


Isonicotinic 
drazide 
PAS 
Isonicotinic acid 
drazide 
Streptomycin HC] 
Isonicotinic acid 
drazide 
Streptomycin HCl 
Isonicotinic acid 
drazide 
Streptomycin HCl 


DAILY DOSE 


mg/kg 


15 


ROUTE OF 
TREATMENT 


diet 


diet 


diet 


diet 


diet 


diet 


subcutaneous 


subcutaneous | 
subcutaneous 
subcutaneous 
subcutaneous | 


subcutaneous | 


TREATMENT STARTED 


2 days before infec- 


tion 


2 days before infec- 


tion 

7 days after infec- 
tion 

7 days after infec- 
tion 

14 days after infec- 
tion 

14 days after infec- 
tion 

2 hours after infec- 
tion 

2 hours after infec- 
tion 

7 days after infec- 
tion 

7 days after infec- 
tion 

14 days after infec- 
tion 

14 days after infec- 
tion 


IN Two 


days 


>15 


6.0 


INCREASE TOTAL SUR 


VIVING MICE 


10/10 


0/10 


* Two of the 10 mice died before fourteenth day, i.e., before start of drug treatment 


moribund. Despite this advanced stage of the disease, subcutaneous administra- 
tion resulted in a high percentage of complete recovery. 


SUMMARY 


A class of compounds showing high antituberculous activity is reported for 
the first time. Of these, the most active is isonicotinic acid hydrazide (Nydrazid) 
In a standardized infection of mice with the Ravenel strain of M. tuberculosis, 
the minimal effective dose of this compound is 1/700 that of p-aminosalicylic 


acid. 


| 
| 
= 
1,200 = 
acid hy > | =z >15 10/10 
800 | 5.0 0/10 
hy 12 | 7 4/8* | 
600 0/10 | 
hy 6b! >15 10/10 
13 4.5 1/9 
hy 16 >15 10/10 
13 1.0 0/10 
hy- 16 7/9 | 
o/10 | 
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SUMARIO 


Quimioterapia de la Tuberculosis Experimental. V. La Hidracida del Acido Isonicotinico 
(Nydrazid) y los Compuestos A fines 


Esta es la primera vez que se describe un grupo de compuestos dotados de elevada acti- 
vidad antituberculosa. De ellos, el mds activoes la hidracida del Acido isonicotinico (Nydra- 
zid). En una infeecién uniformizada de los ratones con la cepa Ravenel del M. tuberculosis, 
la minima dosis eficaz de dicho compuesto representa 1/700 de la del Acido p-aminosalicflico. 


RESUME 


Chimiothérapie de la tuberculose expérimentale: V. l’hydrazide de l’acide tsonicotinique 
(Nydrazid) et composés apparentés 


Une classe de composés montrant une activité antituberculeuse élevée a fait, pour la 
premiére fois, l’objet d’un rapport. Parmi ceux-ci, le plus actif est l"hydrazide de l’acide 
isonicotinique (Nydrazid). Dans |’infection standard de la souris par la souche Ravenel 
du M. tuberculosis, la dose efficace minima de ce composé est 1/700e de la valeur de celle 
de |’acide para-aminosalicylique. 
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In this report are presented preliminary observations concerning the effect 
ol two hvdrazines of isonicotinie acid (isonicotinie acid hydrazide [Rimifon 
and 1-isonicotinyl-2-isopropyl hydrazine |Marsilid]) on the tubercle bacillus in 
vitro and on tuberculesis of the experimental animal (6). Data are presented on 
the tuberculostatic action of the drugs against the human virulent strain of M 
tuberculosis (H37Rv) in several different types of media; the in vitro tuber- 
culocidal action against the same strain; the attempted development of drug 
resistance in vitro; the effect of the drugs in tuberculosis of guinea pigs infected 
subcutaneously and intracerebrally, and of rabbits infected intravenously with 
virulent bovine tubercle bacilli (strain No. 4228-4); and the toxicity of the 


drugs for rabbits and guinea pigs. 


OBSERVATIONS 
In Vitro Activity 


The inhibitory effect of the drugs on the growth of the H87Rv strain of 
VW. tuberculosis in three different types of liquid media and in a solid medium 
is illustrated in table 1 

One of the drugs, 1-isonicotinyl-2-isopropyl hydrazine dihydrochloride, 
Marsilid), produced complete inhibition of growth for a period of fourteen 
days in concentrations of 1.6 to 3.1 y per ml. in media without serum. The 


presence of 10 per cent horse serum increased the inhibitory concentration 
approximately fourfold. Isonicotinic acid hydrazide (Rimifon) exhibited greater 
in vitro activity, requiring only 0.025 to 0.05 y per ml. for complete inhibition of 
growth for fourteen days. In the synthetic medium with serum, approximately 


twice the concentration of drug was necessary for growth inhibition as in the 


plain synthetic medium 

The tuberculocidal effect of one of these drugs is indicated in table 2, which 
presents the results of a preliminary experiment. 

An inoculum of H37Rv, contained in 0.5 ml. of a seven-day culture in Tween- 
albumin medium, was added to each of 3 flasks of the same medium, 2 of which 
contained 10 and 1.0 y of 1-isonicotinyl-2-isopropyl hydrazine per ml., respec- 
tively; the third inoculated flask was a control which contained no drug. Plate 


Proprietary names (Hoffman-LaRoche) for isonicotinie acid hydrazide and 1-iso 

nicotinyl-2-isopropyl hydrazine, respectively 

From the Trudeau Laboratory of the Trudeau Foundation for the Clinical and Experi 
mental Study of Pulmonary Disease, Trudeau, New York 

This study was aided (in part) by grants from the Division of Research Grants and 
Fellowships of the National Institutes of Health, Public Health Service, and Hoffman 
LaRoche, Ine 
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counts were made on oleic-ac id albumin agar according to the drop method 
described by Fenner (1) at the intervals shown in the table. It may be seen 
that 10 y per ml. of the hydrazine (Marsilid produced a fairly rapid decrease 
in the number of viable organisms. The killing effect of various concentrations of 
these drugs under many different conditions is being investigated in greater 
detail, and the results will be reported at a later date 

An atte mpt is bemg made to produce strains ot H37Rv resistant to these 


rial transfers in drug-containing Tween-albumin medium. So far, 


rABLE 1 
IN Virro or Hyprazines or Isonicorinic Acip 
Rimiron, MARstLip 
H3S7Rv in Tween-Albumin Medium, 0.1 ce. for Tubes of 
Loopful for Plates of Solid Medium. Incubation: 37°¢ 
uid Media, Twenty-One Davs for Solid Medium 


2-lsorre 


wid Medium Ineubated at 37 
r Mi. of Medium 


200000) 250 000 SOO 000 
200000) 260 1.000 000 


200. OOO 15,000 1 


resistance to | isonicotinvl-2 isopropy! hvdrazine has been 


iusfers at two-week intervals 


Toxicity for I rperime ntal Animals 


The results of trials designed to show the maximum tolerated dosage for 


nistration vielded the following data on the chronic toxicity of 


long-term adm 
the two drugs for guinea pigs and rabbits: 


Guinea p arenteral administration 1-Isonicotinvl-2 isopropyl hvdrazine 


Marsilid s administered intramuscularly to guinea pigs. The original sample 


is the dihydrochloride salt which gave highly acid aqueous solu 
ected intramuscularly, these solutions produced local reac 


f necrosis and induration. When they were neutralized, how 


| 
Pe RerR ) 
lr Seven-D Culture o 
Liquid Mediu One Double 
Fourteen Days for Li 
Beck Synthetic | Beck with 10 1 Oleic-A 
1 I M M 4 tH ‘ \ 
| micotit 1.6 6.2 2.5 
co ‘ } lr cle O05 0.025 O05 0.25 
FABLE 2 
lt per or Hyprazini NIARSILI 
Llivefold ince: i) 
¢ } 
tions and ( 
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ever, or when the drug in the form of the free base was used, the local reactions 
were minimal. A dosage of 20 mg. twice daily (70 mg. per kg. per day) for eight 
days produced steady weight loss, and 20 mg. once daily (35 mg. per kg. per 
day) produced loss of weight and an occasional death after three weeks. A dosage 
regimen of 10 mg. twice daily (approximately 35 mg. per kg. per day) was 
tolerated well for sixty days 

Isonicotinie acid hydrazide (Rimifon) in dosage up to 35 mg. per kg. per day 
was tolerated well for six weeks 

Guinea pags, oral administration 1-Isonicotinyl-2 isopropyl hydrazine was 
given to 2 guinea pigs in a dosage of 35 mg. twice daily (90 mg. per kg. per day 
One animal died on the fifth day, with blood and many casts in the urine. The 
other guinea pig lost weight for thirteen days. Two other guinea pigs received 
35 mg. once daily (50 mg. per kg. per day). One of these animals died on the 
tenth day The lower ileum contained bloody material, and gross blood and 
casts were present in the urine. The other animal lost weight for thirteen days 
In 4 animals 25 mg. once daily (40 mg. per kg. per day) were tolerated well for 
two weeks 

Isonicotinic acid hydrazide (Rimifon) up to 40 mg. per kg. per day was well 
tolerated when administered by the oral route for a two-week period 

Rablits, parenteral administration: The intramuscular administration of 1-iso 
nicotinyl-2-isopropy! hydrazine in a dosage of 100 mg. twice daily (60 mg. per 
kg. per day) resulted in the death of one rabbit on the fourth day. In other 
rabbits a dosage of 60 mg. twice daily intramuscularly (45 mg. per kg. per day 
for five days produced loss of appetite and weight loss in 3 animals, and 30 mg. 
twice daily intramuscularly (20 mg. per kg. per day) were tolerated well for 
seventy days 

Isonicotinie acid hydrazide in a dosage of 15 mg. twice daily intramuscularly 


4 mg pel kg pel day was tolerated well for twentv-one days 


n Guinea Pigs Infected Subcutaneously 


‘Twenty guinea pigs, weighing between 500 and 900 gm., were infected sub 
cutaneously in the left inguinal region with 0.1 mg. (dry weight) of the H37R\ 
strain of human tubercle bacilli. All showed a markedly positive skin reaction 
to 5 per cent Old Tuberculin twenty days later. On the twenty-first day, 10 
of these animals were started on treatment with 1-isonicotinyl-2-isopropyl 
hydrazine (Marsilid). The initial dosage was 20 mg. of the dihydrochloride salt 


intramuscularly once daily, but after twenty-six days of treatment it became 


apparent that the animals were not able to tolerate this amount As noted 


previously, solutions of the dihydrochloride salt produced large areas of necrosis 
and induration at the sites of injection. After a four-day rest period, therapy 
was continued in the form of capsules given by mouth and containing 35 mg 
of the dihydrochloride. One capsule was given once daily for ten days, after 
which the dosage was again reduced to 25 mg. orally once daily 

Thirty days after treatment was begun, the tuberculin skin reactions were 


again tested. All of the control animals still exhibited markedly positive reac 


ln Vio Activity 
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tions with necrosis, while of the 7 treated animals still alive 5 showed only pale 


2 were negative 


atyvpi il reactions and 
Seventy-three days after infection, all surviving animals were killed. The 
amount of gross tuberculous disease found in the organs of these animals 1s 


indicated i table 3 


rABLI 
MENT with Hyprazine (Marsii 
oF Guinea Pics INrectep St 
[went After Infection. Survivors Killed Sevent three 


After Infection 


Averages 


Averages? 0 0.05 0.67 


* Each organ (lungs, liver, spleen, lymph nodes) was assigned a value of 0 to 4 according 
to the amount of gross tuberculous disease. Maximum total for each animal was ther 
fore 16 

+ K, killed; D, died 


t Excluding animal which died after only thirteen days of treatment 


It will be noted that 6 of the treated animals did not survive until the end of 


the experiment, but died apparently of drug toxicity after thirteen, twenty-one, 


twenty-six, forty-one, forty-nine, and fifty-one days of treatment. Obviously, 


the initial dosage was too large, but the animals that died after only three or 


| 
RESULT or TREA IN 
‘ 
Pheray 
Days 
I Tube 
I 
I 
I I I 
73 Kt 1.5 25 1.0 
2 73 0 2.5 12.0 
1.5 2.5 2.5 0.5 
i| 73 WK 0 2.5 2.5 2.5 10.5 
| 5 73 0) 2.5 11.5 
7 73 0 8.5 5 13.5 
10 73 0 2.5 2.5 2.5 ; 1.5 
2.2 2.75 2.75 10.85 
4 Dt l 0 + 1.5 
2 12D 21 0 0 0 | 1.0 
i7 D 0 ] 1.0 
} 62 D 1] 0 0 0 0 0 
D 0 0 0 0 0 
6 72D 7 0 0 1.0 
7 52? 0 0 + 
52 0 0 0 t 0.5 
9 52 0 | 1.0 
52 0 0 + l 1.5 
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four weeks of treatment did not show appreciable differences in gross tuberculous 
disease from those that survived the full course of fifty-two days. 

Vacroscopic examination: The untreated control animals exhibited the usual 
widespread progressive lesions in the lungs, liver, spleen, and lymph nodes. 
The treated animals, on the other hand, showed very little macroscopic evi- 
dence of tuberculous infection. None had gross lesions in the lungs or the liver 
aside from the one animal which died after only thirteen days of treatment 
and only 2 had what were interpreted as questionable lesions in the spleen. 
Most of the treated animals showed slight enlargement of, and a small amount 
of caseous material in, the local inguinal and iliac lymph nodes as the only 
remaining indication of tuberculous infection. 


Fic. 1. Microscopic sections from tuberculous guinea pigs treated with l-isonicotinyl-2 
isopropyl hydrazine (Marsilid 100X 

Left: Spleen of animal which died after forty-one days of treatment. A tuberculous lesion 
replaces all but the peripheral margin of a Malpighian body. The lesion consists mainly 
of epithelioid cells and shows pronounced Ivmphoeytic infiltration, suggesting regression 
\cid-fast bacilli found in the lesion in small numbers 

Right Hepatic Ivmph node from animal killed after fiftv-two days of treatment The 
lesion is a classic epithelioid cell tubercle with a well-defined peripheral fibrous tissue wall 


Acid-fast bacilli found in small numbers 


Macerated splenic tissue and caseous material from the loca' ly mph nodes of 
the 4 animals killed after fifty-two days of treatment were subinoculated into 
normal guinea pigs in an attempt torecover viable tubercle bacilli. After nine 
weeks, intracutaneous tuberculin reactions in the subinoculated animals indi- 
cate that at least 3 of the originally treated guinea pigs still harbored virulent 
organisms. 

VW icroscopic examination Microscopic examination of the organs of 6 treated 
guinea pigs revealed the following findings: None of the lung sections contained 


tuberculous lesions Only one of the 6 livers showed incomplete central necrosis; 


none were the site of tuberculous changes. Epithelioid tubercles with peripheral 


fibrous tissue walls were seen in the hepatic lymph nodes of 5 animals. Small 
numbers of acid-fast bacilli were demonstrated in these lesions 


\ \ 
| 
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rhe spleens from 4 animals showed no tuberculous lesions. One had an ocea 


sional small epithe lioid tubercle in a Malpighian body figure 1), and anot he r 


exhibited a few small epithelioid tubercles and hyperplasia of the Malpighian 


bodies The kidnevs of one animal (which had died after fortv-one days of 
treatment ontained many tubular casts. No other abnormal findings were 
noted 

In figure | are shown representative microscopic sections from the organs of 


the treated animals 
Cru nea Pigs Infected Intrac 


pigs were infected intracerebrally with the virulent H37R\ 
microorganisms in the manner previously described ‘ive animals remained 


untreated; 5 were treated with amithiozone®, and 5 were treated with 


TABLE 4 
OTINYL-2-Isoprorpyt Hyprazini Marsttip) ON EXPERIMENTA 
Menineitis iN GuIngA Pre INTRACEREBRALLY 


rreatment Started Day After Infection 


nicotinyl-2-isopropyl hydrazine, starting the day after infection 


the dosage of the drugs used and the results of treatment are giv 


Schenle 


chest roe ntgenograms ot co 


tion with virulent bovine tuber 


nt with L-isonicotiny!-2-isoprop ive Marsilid) begur 


mormal shadows 


tion 
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ehrally 
Errecr or 1-Ison 
ous 
| 
| RE ME ME ER 
None (Controls 17, 20, 21, 24, 25 
Mean: 21 
Amithiozone | moutl 26. 32. 33, 37. 40 
mg. 1 d for ll davs 
No drug for i 
mg. d thereafter unt leat! 
1 -Isonicot 2 prop hvads re ntramuscular All appeared normal dur 
meg ll davs davs of treatment 
mil enzaldehvde thiosemicarbazone (Tibione Laboratories, Inc 
Fic. 2. Representative trol and hvdrazine-treated rabbits 
Upper R Cont Rabbit 
Left: pre ection, no abnort shadows 
Middl irteen davs after infection. no abnort shadows 
Right twent three atter intection vwivanced miliat lesions throughout bott 
Lower Row: Rabbit, treat:¢ 
Middle: twentv-eight davs after infectam. no abnormal shadows 
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Previous experience with the intracerebral method of infection (2) has demon 
strated that it is rapidly and uniformly fatal to untreated animals. In the present 
experiment, all of the controls died within twenty-five days after infection 
rhe survival time of those treated with amithiozone was increased significantly, 
but all had died by the fortieth day. 


The animals treated with the hydrazine were still alive and apparently well 


ifter sixty days, at which time treatment was terminated. Skin tests with 5 
per cent Old Tuberculin on the forty-sixth day of treatment were negative in 
all of the 5 guinea pigs. Twenty-two days after therapy was discontinued, 4 
inimals were still negative and one showed a doubtful reaction to tuberculin 

The fate of these 5 guinea pigs after cessation of treatment will be reported 
subsequently.® It will be recalled that animals infected in a similar mannet 
ind treated with streptomycin for one hundred and forty-seven days relapsed 
ind died within forty-three days (2 


Rabbits Infected Intravenousl / 


Rabbits weighing about 3.5 kg. were infected intravenously 
ear vein with 0.01 mg. (dry weight) of virulent bovine tubercle bacilli (stra 
No, 4228-4). Previous experience with this culture indicated that such dosage 
was sufficient to kill all rabbits within three to six weeks. Five rabbits were 
held as untreated controls, and 3 were given |-isonicotiny!-2-isopropy! hydrazine 
Marsilid) starting the following d:y. The drug was administered in dosage ot 
30 mg. twice daily, intramuscularly, for seventy-one days. The progress of the 
miliary lesions was followed by serial chest roentgenograms,’ as described in a 
previous communication (3 

Miliary pulmonary lesion. could be distinguished in the roentgenograms of all 
of the control rabbits three weeks after infection. The 5 control animals died 
twenty-two, twenty-six, twenty-six, twenty-seven, and thirty days after in 
fection. In the 3 treated animals, on the other hand, no lesions were visible on 
the roentgenograms and the animals remained well during the seventy-one 
days of treatment. The chest roentgenograms of one of the control and one of 
the treated rabbits, which are representative of both groups of animals, are 


presented in figure 2 


rhe subsequent course of the 3 animals taken off treatment after seventy-one 
days*, as well as the results of treatment with this drug and with isonicotinic¢ 
wid hydrazide on already established miliary pulmonary lesions in rabbits 


will be presented in a future publication. 


* Since this manuscript was submitted, 4 of these guinea pigs have die 
eight, forty-one, and forty-two davs after termination of treatment) and t 
progressive paralysis of the hindquarters. Macroscopic evidences 
vhich died was limited to small lesions in the cervical lymph node 
macilli eould be demonstrated by smear. The brains were removed 
ormalin for sectioning 

he roentgenographic equipment was generously donated by The 
Foundation 


* Pulmonar ns became evident in all within ten weeks 


| 
1 (thirt 
fifth is showing 
reulosis in those 
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DISCUSSION 


Both of these hydrazines are active in vitro, the parent compound (isonicotinic 
acid hydrazide) showing greater activity than the isopropyl derivative. Neither 
drug is more than slightly affected by the presence of serum in the medium. 
The fact that tubercle bacilli cannot readily be made highly resistant to these 
drugs by serial passage in Tween-albumin liquid medium does not necessarily 
mean that resistance will not appear in cultures from patients treated with the 
drugs for prolonged periods. Experience with para-aminosalicylic acid (PAS) 
has indicated that resistant organisms often may be recovered from patients 
under treatment with PAS alone, despite the fact that it is difficult to produce 
drug resistance by serial transfer of tubercle bacilli in drug-containing medium. 
The apparent tuberculocidal action of 1-isonicotinyl-2-isopropyl hydrazine in 
concentration of 10 y per ml. is an encouraging characteristic and is being studied 
further. 

In the experience of this laboratory, the dramatic beneficial effect of 1-iso- 
nicotinyl-2-isopropyl hydrazine on acute guinea pig tuberculosis surpasses that 
seen with any other single antibacterial agent except streptomycin. It has been 
observed (4) that tuberculous guinea pigs treated with streptomycin may 
exhibit a gradual decrease in skin sensitivity to tuberculin; but the change from 
highly positive necrotic skin tests to negative or doubtful reactions after one 
month of treatment, as observed in the experiment reported herein, has not 
been noted previously. That this alteration was not merely due to an effect of the 
drug on the reactivity of the skin was shown by the failure of the hydrazine, 
when administered for a three-day period to 2 guinea pigs with highly positive 
reactions, to cause a change in the cutaneous reaction to tuberculin. The failure 
of the skin to react to tuberculin was not the same as the phenomenon seen in 
tuberculous guinea pigs given cortisone, in which the skin reactions may lose 
their inflammatory aspect and become very pale, even though necrosis is evident. 

1-Isonicotinyl-2-isopropy! hydrazine also proved to be highly effective in 
guinea pigs infected intracerebrally. Streptomycin and viomycin are the only 
other drugs of the many tested in this laboratory which afford equal protection 
against this type of infection. Guinea pigs treated with streptomycin for one 
hundred and forty-seven days, however, relapsed and died within twenty-two 
to forty-three days after the discontinuance of the drug (2). The course of the 
guinea pigs taken off treatment after sixty days in the present experiment will 
be followed with interest (See footnote 6). On the twenty-second day after 
treatment was stopped, 4 of the 5 animals showed negative skin reactions to Old 
Tuberculin, while one pig exhibited a doubtful reaction. It is therefore possible 
that any signs of brain damage which may develop will be the result of a hydro- 
cephalus, or similar process, rather than of progressive tuberculosis (2). 

In regard to the rabbit experiment, it should be emphasized that the culture 
used for infection of the animals was a highly virulent bovine strain capable of 
producing 100 per cent mortality in the dosage described. It must be concluded, 
therefore, that the hydrazine suppressed the miliary tuberculous infection for at 
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least seventy-two days’. The effect of the two drugs on established and advanced 
miliary disease, as well as on chronic cavitary disease in rabbits, is being inves- 
tigated. 


SUMMARY 


The antituberculous activity of isonicotinic acid hydrazide (Rimifon) and its 
isopropyl derivative (Marsilid) has been investigated in the test tube and in 
experimental tuberculous infections of guinea pigs and rabbits. The preliminary 
observations herein reported indicate that these drugs have tuberculostatic and 
tuberculocidal action in vitro and produce a dramatic beneficial effect in vivo in 
the experimental animal. 

Guinea pigs infected subcutaneously with virulent human tubercle bacilli and 
treated with 1-isonicotinyl-2-isopropyl hydrazine twenty-one days later revealed 
very little evidence of tuberculosis grossly when killed seventy-three days after 
infection. After thirty days of treatment, the tuberculin skin reactions, which 
had been highly positive at the beginning of therapy, were markedly altered. 

Untreated guinea pigs infected intracerebrally with virulent human tubercle 
bacilli suecumbed within twenty-five days, while those treated with 1-isonico- 
tinyl-2-isopropyl hydrazine remained well during sixty days of treatment. 

Rabbits treated with 1-isonicotinyl-2-isopropyl hydrazine for 71 days remained 
well and failed to develop miliary pulmonary lesions demonstrable by roent- 
genography after intravenous infection with highly virulent bovine tubercle 
bacilli, while control animals all died of advanced miliary tuberculosis within 
thirty days of infection. These rabbits, however, showed relapse of tuberculosis 
within ten weeks after treatment was stopped. 


SUMARIO 
Propiedades Antituberculosas de las Hidracinas del Acido Isonicotinico (Rimifén, Marsilid) 


La actividad antituberculosa de la hidracida del dcido isonicotinico (Rimifén) y del 
derivado isopropflico del mismo (Marsilid) fué investigada en el tubo de ensayo y en las 
infeeciones tuberculosas experimentales de los cobayos y los conejos. las observaciones 
preliminares aqui presentadas indican que dichas drogas ejercen accién tuberculoestdtica 
y tuberculocida in vitro y producen un efecto beneficioso teatral in vivo en el animal de 
experimentacién 

Los cobayos infectados subcutdéneamente con bacilos tuberculosos humanos virulentos 
y tratados con 1-isonicotil-isopropil hidracina veintidn dias después revelaron muy pocos 
signos macroseépicos de tuberculosis al ser matados a los setenta y tres dias de la infeccién. 
Al cabo de treinta dias de tratamiento, estaban considerablemente modificadas las cutirreac- 
ciones a la tuberculina, que habfan sido muy positivas al comenzar la terapéutica. 

Los cobayos no tratados e infectados intracerebralmente con bacilos tuberculosos hu- 
manos virulentos sucumbieron en término de veinticinco dias, en tanto que los tratados 
con 1-isonicotinil-isopropil hidracina permanecieron sanos durante sesenta dias de trata- 
miento 

Los conejos tratados con 1-isonicotinil-isopropil hidracina permanecieron sanos y no 
manifestaron en los pulmones lesiones grandlicas observables con la radiografia después 
de la inyeccién endovenosa de bacilos tuberculosos bovinos virulentisimos, mientras que 
todos los animales testigos murieron de granulia en término de treinta dias de la infeccién. 
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RESUME 
Propriétés antituberculeuses des hydrazines de l’acide isonicotinique (Rimifon, Marsilid) 


L’activité antituberculeuse de l’hydrazide de |’acide isonicotinique (Rimifon) et de son 
dérivé isopropy! (Marsilid) a été étudiée a la fois dans le tube a essai et dans |’infection 
tuberculeuse expérimentale du cobaye et du lapin. Les observations préliminaires rapportées 
ici indiquent que ces produits possédent une action tuberculostatique et tuberculocide, 
in vitro, et qu’ils produisent des effets favorables spectaculaires in vivo, chez l’animal en 
expérience. 

Chez les cobayes inoculés par voie sous-cutanée avec des bacilles tuberculeux humains 
virulents, et traités vint-et-un jours plus tard par 1-isonicotinyl-isopropyl hydrazine, 
l’examen macroscopique n’a révélé que peu de manifestations de tuberculose, quand ces 
animaux ont été tués soixante-treize jours aprés |’infection. Au bout de trente jours de 
traitement, les réactions cutanées & la tuberculine, qui s’étaient montrées fortement posi- 
tives au commencement du traitement, étaient modifiées de fagon marquée. 

Les cobayes non traités, inoculés par voie intracérébrale avec des bacilles tuberculeux 
humains virulents, ont succombé dans les vingt-cinq jours, tandis que ceux traités avec 
1-isonicotinyl-isopropyl hydrazine sont demeurés en bon état pendant les soixante jours 
du traitement. 

Des lapins, traités avec 1-isonicotinyl-isopropyl hydrazine aprés inoculation avec des 
bacilles tuberculeux bovins trés virulents, sont demeurés en bonne santé et il ne s’est pas 
produit de lésions pulmonaires miliares, décelables par la radiographie, tandis que les 
animaux témoins sont tous morts de tuberculose miliaire généralisée dans les trente jours 
qui ont succédé a |’inoculation. 


Addendum 


When incubation of the inoculated tubes of Tween-albumin medium containing isonico- 
tinic acid hydrazide was continued for five weeks, growth eventually appeared in concen- 
trations as high as 25 y per ml. It has been demonstrated that this delayed growth consists 
of tubercle bacilli which have an increased resistance to the drug. 
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PHARMACOLOGIC AND TOXICOLOGIC OBSERVATIONS ON HY- 
DRAZINE DERIVATIVES OF ISONICOTINIC ACID 
(RIMIFON', MARSILID*:') 


W.M. BENSON, P. L. STEFKO, anv M. D. ROE 
(Received for publication January 19, 1952) 


INTRODUCTION 


The observations by Grunberg and Schnitzer (1), confirmed by Steenken and 
Wolinsky (2), of the marked chemotherapeutic activity against experimental 
tuberculosis of the hydrazine derivatives of isonicotinic acid synthesized by Fox 
3) prompted additional toxicologic and pharmacologic investigations. The 
studies reported here were confined to two of these agents, i.e., isonicotinic acid 
hydrazide (Rimifon) and 1-isonicotinyl-2-isopropyl hydrazine (Marsilid). The 
formulas of these compounds are as follows: 


O 


V/A 


, V4 
C—NHNH;, C—NHNHCH 


\ A CH; 


N 
Rimifon Marsilid 

These agents were studied in acute tests in mice, rats, guinea pigs, rabbits, 
cats, and dogs. The response of both anesthesized and unanesthetized animals, 
as well as that of isolated tissues, was observed and recorded in an endeavor to 
elicit the pharmacodynamic effects and the inherent toxicity of these agents. 

In addition, the two compounds were administered daily over a period of 
thirteen weeks to two animal species (rats and dogs) in an effort to determine 
the probable limitations of dosage in man, with particular reference to hemato- 
logic and morphologic changes. These studies were carried out simultaneously 
with those made in the monkey, reported by Lewis and Zieper (4). 


MeErTHODS 
GENERAL PHARMACOLOGY 


Tests on isolated tissue included the evaluation of these agents for parasympathetic 
blocking activity on segments of rabbit intestine immersed in Locke’s solution and for 


' Proprietary name, Hoffmann-La Roche, Inc., brand of Conilozene, formerly desig 
nated as Ro 2-3973 
Proprietary name, Hoffmann-La Roche, Inc., brand of Coronozene, formerly desig- 
nated as Ro 2-4572/1 
From the Department of Pharmacology, Hoffmann-La Roche, Inc., Nutley, New 
Jerse y 
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antihistamine activity on segments of guinea pig intestine immersed in Tyrode’s solution. 
Intestinal studies were also carried out in the dog with a Thiry-Vella fistula. 

Tests for autonomic activity in unanesthetized animals also included a study of possible 
antisalivation effects in the rabbit. In this experiment, salivation was provoked by the sub- 
cutaneous administration of 15 mg. of pilocarpine per kg. A comparison was then made 
between the degree of salivary flow of control animals and those receiving, in addition, 
the hydrazine derivatives. 

A second test for antisecretory activity consisted of observing the effect of the anti- 
tuberculous agents on lacrimation in the rat, induced by the intraperitoneal injection of 
10 mg. of methacholine per kg. 

Observations for possible effects on pupillary size and local anesthesia were carried 
out by instillation of the hydrazine derivatives into the conjunctival sacs of the eyes of 
rabbits. 

Tests for potential bronchiolytic activity were performed on guinea pigs in which bron- 
chospasm was induced by an aerosol of either a 0.50 per cent solution of methacholine or 
a 0.33 per cent solution of histamine. The antituberculous agents were administered intra- 
peritoneally thirty minutes prior to the aerosol exposure. 

Tests for antipyretic activity were carried out in rabbits in which fever was induced 
by the intravenous administration of 0.1 cc. of a suspension of £. coli (six billion organ- 
isms per cc.). The hydrazides were administered orally one hour after the Z. coli, and 
temperatures were recorded for a period of three hours. 

In anesthetized animals‘ blood pressure effects of the intravenously administered drugs 
were manometrically measured after cannulation of the carotid artery. In dogs anesthe- 
tized with pentobarbital, the direct effect of increasing doses was observed on blood pres- 
sure as well as the indirect influence on the response to such procedures as stimulation of 
the vagus, occlusion of the carotid artery, and injections of acetylcholine and epinephrine. 

The effect of the hydrazides on ganglionic transmission in the sympathetic nervous 
system was carried out in the cat (anesthetized with Dial-urethane), in which species the 


response of the nictitating membrane was recorded. Blood pressure was simultaneously 
recorded in this experiment. 

The effect on neuromuscular transmission was also observed in cats similarly anesthe- 
tized but in which the sciatic nerve was electrically stimulated, and the contractions of 
the anterior tibial muscle were recorded by a myograph. 


TOXICOLOGY 


The acute toxicity of the hydrazine derivatives of isonicotinic acid was determined in 
mice by the oral, subcutaneous, intramuscular, intravenous, and intraperitoneal routes 
of administration. Observations of acute toxicity were also made in rats, rabbits, and dogs. 
In these last two species, the isopropyl derivative (Marsilid) was also administered intra- 
thecally. 

Subacute toxicity determinations were carried out by the daily oral or intravenous ad- 
ministration of relatively large doses of the two drugs to dogs over a short period of time. 
Limited pathologic observations were made in these animals. In these tests the isopropyl 
derivative (Marsilid) was administered as a solution of the dihydrochloride, but the dosage 
is expressed as the free base 

Chronic toricity tests with concurrent hematologic studies were carried out in dogs in 
which the two drugs were administered by various routes, five days each week for thirteen 
weeks. Similar long-term studies were carried out in rats, but in this species the drug was 
incorporated in a ground diet so that its ingestion was continuous. In this latter test, the 
isopropyl! derivative (Marsilid) was used in the form of the crystalline dihydrochloride. 
The dogs on the chronic toxicity experiment received a solution of the base, prepared 


* These studies were carried out under the direction of Dr. L. O. Randall. 
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either from the dihydrochloride by the addition of sodium hydroxide or from the crystal- 
line free base itself. The pH of these solutions was approximately 6.7. The dosage is ex- 
pressed as mg. of the free base per kg. Isonicotinic acid hydrazide (Rimifon) was adminis- 
tered in all cases as the free base, either in the form of the crystalline powder or as a solu- 
tion with a pH similar to that of the isopropyl hydrazine derivative (Marsilid). 


RESULTS 
GENERAL PHARMACOLOGY 


Isolated intestine: Tests for various types of pharmacologic activity have 
demonstrated that the hydrazine derivatives of isonicotinic acid exert few 
pharmacodynamic effects in a dosage of 1 to 10 mg. per kg. It was found that, on 
isolated rabbit intestine, isonicotinic acid hydrazide (Rimifon) showed less than 
1/100 and the isopropyl hydrazine (Marsilid) less than 1/200 the activity of 
atropine in counteracting the hypertonic state induced by acetylcholine, and 
extremely high concentrations were necessary to inhibit peristalsis. In the dog 
with a Thiry-Vella fistula, irregular effects were produced by the intravenous 
administration of either agent. Tests for antihistamine activity on isolated 
guinea pig intestine indicated an activity less than 1/1,000 of that of 8-dimethyl- 
aminoethyl benzhydryl ether hydrochloride (Benadryl) for both these agents. 

Antisalivation: In the antisalivation tests in rabbits, doses as high as 25 mg. of 
isonicotinic acid hydrazide (Rimifon) per kg. or 50 mg. of the isopropylhydrazine 
(Marsilid) per kg. given subcutaneously did not suppress salivation; and lacrima- 
tion in the rat was not diminished by subcutaneous doses of these agents as high 
as 50 mg. per kg. The local application of 1.0 per cent solutions of either drug to 
the eyes of the rabbit did not induce either mydriasis or local anesthesia. 

Bronchiolytic test: In the bronchiolytic aerosol test, 1 mg. of isonicotinic acid 
hydrazide (Rimifon) per kg. intraperitoneally had the same effect as 0.05 mg. 
of atropine per kg. Thus, in this test, isonicotinic acid hydrazide may be con- 
sidered to be approximately one-twentieth as active as atropine. Surprisingly, 
the isopropy! derivative (Marsilid) was active at less than 0.001 mg. per kg., and 
in this respect has approximately fifty times the activity of atropine. In the 
histamine aerosol test, however, neither of these compounds showed activity 
when compared with the commonly used antihistaminics, nor were they active 
in relaxing isolated tracheal rings at a concentration of 10~* gm. per cc. 

Antipyretic activity: Tests for antipyretic activity revealed that isonicotinic 
acid hydrazide (Rimifon) in the dosage of 2 and 4 mg. per kg. and the isopropyl! 
derivative (Marsilid) in the dosage of 4, 8, and 16 mg. per kg. had no effect in 
decreasing temperatures elevated in rabbits by the administration of E. colt. 

Blood pressure: In blood pressure studies in the dog, intravenous doses of the 
hydrazides as high as 8 mg. per kg. had neither pressor nor depressor effects. 
Similarly, no effect upon the normal response to vagus stimulation, carotid occlu- 
sion, or injections of acetylcholine and of epinephrine was observed. In the cat, 
intravenous doses of 8 mg. of the isopropy! derivative (Marsilid) per kg. generally 
caused a depressor action varying up to 25 mm. of mercury of a few minutes’ 
duration. The response to similar doses of isonicotinic acid hydrazide was 
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sémewhat less. In these same animals, very little, if any, ganglionic blocking 
activity could be observed. There likewise was no effect on neuromuscular trans- 
mission in the cat. 


TOXICOLOGY 
Acute Toxicity 
Mice: The acute toxicity in mice was investigated by administration of the 
materials by various routes. It involved the use of 324 mice. From the data pre- 
sented in table 1, it is apparent that there was little difference in the toxicity 
when either agent was given by different routes, although the oral route appeared 


TABLE 1 
Acute Toxicity or Isonicotinic Actip Hyprazipe (Rimiron) 
Isopropyt HyprazinE (MARSILID) 


ISONICOTINIC ACID HYDRAZIDE 1-ISONICOTINYL-2-ISOPROPYL 
LDse MG. PER KG HYDRAZINE LDee MG. PER KG. 


1 Day* 1 Week 1 Day* 1 Week* 
Mice 


Oral 142 + 10 + 950 + 28 
Subcutaneous 160 + 11.: 9.£ 730 + 65.7 
Intravenous 153 + 16 : 7 - 36.: 719 + 36 
Intraperitoneal 132 + 13.: ( - 690 + 
Intramuscular 140 + 15. f : ' 615 + 61. 


Rat 


Rabbit 


Oral 250 
Intravenous 94 


* Observation period. 


to be slightly less toxic than other routes in the case of the isopropyl derivative 
(Marsilid). This was not found to be the case with isonicotinic acid hydrazide 
(Rimifon). 

A comparison of the LDgo values in mice of the two compounds, when these 
agents were given by identical routes, indicated that the isopropyl derivative 
(Marsilid) was 4.5 to 7.0 times less toxic than isonicotinic acid hydrazide (Rimi- 
fon). Mice receiving toxic doses of isonicotinic acid hydrazide (Rimifon) de- 
veloped clonic convulsions which terminated in tonic limb extension and death 
by respiratory failure. Convulsions also occurred with the isopropyl! derivative 
(Marsilid). Most of the deaths occurred within twenty-four hours after adminis- 
tration of the compounds. 

Rats and rabbits: In rats and rabbits isonicotinic acid hydrazide (Rimifon) was 


| 
Oral 1,435 383 
94 150 117 ; 
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found to be less toxic than the isopropyl hydrazine derivative (Marsilid). The 
difference in toxicity was not great in rabbits, but in rats isonicotinic acid hydra- 
zide was several times less toxic than the isopropy! derivative. Convulsive activity 
was also prominent in these species. Death was due to respiratory failure. 

Dogs: In dogs, to which species intravenous doses of 50 and 100 mg. of isonico- 
tinic acid hydrazide (Rimifon) per kg. were administered, signs of toxicity were 
delayed approximately one-half hour, at which time salivation, retching, vomit- 
ing, and defecation occurred. At the 100 mg. per kg. level this was followed by 
the development of central nervous system signs consisting of apprehension, 
anxiety, and convulsions which became continuous and terminated in death. 
The oral administration of isonicotinic acid hydrazide (Rimifon) produced a 
type of toxicity similar to that produced by its intravenous administration. When 
the isopropyl! derivative (Marsilid) was given orally or intravenously to dogs, 
signs of toxicity were not noted until doses of 70 to 140 mg. per kg. (expressed 
as free base) were administered. 

Intrathecal administration to rabbits and dogs: In addition to the above studies, 
the isopropyl derivative (Marsilid) was administered intrathecally to rabbits 
and dogs In both species atlanto-occipital taps were carried out without asepsis 
after local infiltration of the area with 1 per cent procaine. Cerebrospinal fluid in 
amounts equivalent to the volume of injected material was permitted to flow out 
before the drugs were administered. In rabbits, volumes of 0.1 and 0.5 cc. of 
the isopropyl derivative (Marsilid) were given as a neutralized 5 per cent solu- 
tion of the dihydrochloride. In dogs, volumes of 0.25, 0.5, 1.0, and 2.0 cc. of the 
same materia] were administered. Surviving animals were observed for a period 
of four weeks and were then sacrificed. The rabbits showed no respiratory, car- 
diac, or neurologic effects, and survived an observation period of four weeks. 
No signs of local pathology were evident when these animals were sacrificed and 
autopsied. 

In the 4 dogs injected intrathecally, no immediate signs of respiratory, cardiac, 
or neurologic changes were evident. The dogs on the two higher doses died, how- 
ever, after periods of twelve and twenty-two days. In one animal, adhesions were 
noted between the dura and the cortex just lateral to the midline. An autopsy 
of the second animal, which received the highest dose, was not carried out be- 
cause of the marked post-mortem changes present when the animal was found 
dead. 


Subacute Toxicity 


In these studies, isonicotinic acid hydrazide (Rimifon) was administered orally 
to a group of 4 dogs with an initial dose of 50 mg. per kg. One of these animals 
died, but the remaining 3 were continued on a daily dosage of 25 mg. per kg. At 
the end of five days, blood was drawn from each of these dogs for hemoglobin 
studies because it had been noted previously that the blood of animals receiving 
isonicotinie acid hydrazide had a purplish hue. Values for total, met-, sulf-, and 
oxy-hemoglobin obtained by the method of Evelyn and Malloy (5) are reported 
in table 2. It is apparent from the values in this table that the oxyhemoglobin, 
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as well as the total hemoglobin, of the blood of these dogs was significantly 
reduced. Although the methemoglobin values in each of the three animals were 
increased and the sulfhemoglobin values were elevated in 2 of the dogs, these 
changes are not considered significant. These animals expired within a period of 
two weeks. Others on a dosage of 20 mg. per kg. survived thirteen weeks (See 
Chronic Toxicity below). 


TABLE 2 
ALTERATION IN THE HEMOGLOBIN CONTENT OF BLoop oF Docs on HypraziNeE DERIVATIVES 
or IsonicoTinic 


GRAMS HEMOGLOBIN/100 Cc. BLOOD 


Total | Met- Sulf- 


Isonicotinic Acid Hydrazide (Rimifon) 
(five daily oral doses; initial dose 50 mg/kg, then 25 mg/kg) 
mg/kg 

Before 14.70 0.256 0.109 14.35 
After 11.85 0.298 0.063 11.51 
Before 13.57 0.053 0.178 13.: 
After 12.39 0.285 0.230 11 
Before 14.45 0.126 0.034 14.; 
After 12.89 0.220 0.224 12. 


1-Isonicotiny]-2-Isopropyl Hydrazide (Marsilid) (five daily intravenous doses) 


4B 2 Before 12.80 —0.170 0.112 
After 3.25 0.143 0.578 
5B 2% Before 13.06 —0.021 —0.085 
After 4.24 0.186 0.565 


Controls 


Initial 10.92 —0.083 —0.122 10.67 
Final 12.60 0.043 —0.040 12.61 
Initial 9.90 —0.065 —0.008 9.95 
Final 12.08 0.043 —0.077 12.12 


When administered repeatedly to 2 dogs in a dose of 28 mg. per kg., the 
isopropyl! derivative (Marsilid) induced evident anemia after five intravenous 
injections. In these animals, the average hemoglobin value fell from 13.0 to 
3.8 gm. per 100 cc., with a corresponding reduction of the erythrocyte count from 
4.4 to 2.1 million per cu. mm. Accompanying these changes were elevations in 
the reticulocyte count, leukocyte count, and urinary urobilinogen. The sulfhemo- 
globin concentrations of the blood, but not the methemoglobin concentrations, 
were significantly elevated in these animals (table 2). Dogs which received 56 
mg. per kg. intravenously gave evidence of developing anemia after two injections 
and died after four injections. While dogs receiving 14 mg. per kg. survived 
thirteen weeks of treatment, a minor degree of anemia was evident after four 
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weeks of treatment. The anemic condition improved, however, as indicated by 
successive monthly hemograms (See Chronic Tozicity below). 


Chronic Toxicity 


Isonicotinic acid hydrazide (Rimifon) in rats: Chronic toxicity studies on 
isonicotinic acid hydrazide (Rimifon) were carried out in an experiment in which 
groups of 10 weanling male Wistar rats were placed upon levels of 0.001, 0.005, 
0.02, and 0.05 per cent of the drug incorporated in the ground diet. Twenty 
animals served as controls. In figure 1, it may be seen that 0.001 and 0.005 per 
cent concentrations of isonicotinic acid hydrazide in the diet had no influence on 


GROWTH RESPONSE 
OF RATS 


RIMIFON 
IN DIET 


BOOY WEIGHT In GRams 


« 


+ 
osm 
CONTROLS 


6 8 10 12 
WEEKS ON EXPERIMENT 


Fig. 1. Growth response of Wistar male rats on isonicotinic acid hydrazide (Rimifon) 
in the diet. 


growth. Although 0.02 per cent appeared to have depressed growth, this effect 
cannot be considered significant because a higher concentration, i.e., 0.05 per 
cent, in the diet appeared to have stimulated growth. 

In none of the groups were the erythrocyte counts, hemoglobin, or hematocrit 
values significantly altered. Only in the group on the highest level of isonicotinic 
acid hydrazide (Rimifon) was the average leukocyte count depressed after 
twelve weeks of drug administration (table 3). However, the differential count 
was not altered either in this group or in the others. When these animals were 
sacrificed, consistent gross pathology related to the drug was not apparent. 

Isonicotinic acid hydrazide (Rimifon) in dogs: In long-term toxicity studies in 
dogs, isonicotinic acid hydrazide (Rimifon) was administered intravenously to 
each of 3 dogs at dose levels of 1, 5, and 20 mg. per kg., five days per week for 
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thirteen weeks. While the dog on 1 mg. per kg. exhibited no signs of toxicity, the 
dog on 5 mg. per kg. occasionally exhibited anorexia. The animal on 20 mg. per 
kg., in addition, had occasional emesis, failed to gain weight, and often appeared 
lethargic. In none of the animals were the final erythrocyte counts, hemoglobin, 
and hematocrit values significantly altered (table 4). No changes in liver function 
were observed as determined by bromsulfalein tests. Urinalysis revealed no sig- 


TABLE 3 
AVERAGE BLoop Counts or Rats Wuaica Recervep Isonicotinic AcIp 
Hyprazipe (Rimiron)* 


SEMATO- DIFFERENTIAL COUNT 

NUMBER TOTAL |ERYTHRO-| CRIT 
OF WEEKS DOSE LEVEL  LEUKO- | CYTES | PER CENT 
ON EX- IN DIET CYTES IN IN | VOLUME | Lym 
PERIMENT THOUSANDS MILLIONS ERYTHRO 


CYTES 


Eosino- Baso- 
cytes phils phils 
per cent gm/100 ml 
0.001 ] . 11.9 

14.1 


15.: 


0.005 12. 
16 


12.8 


Controls 12.0 
14.3 

15.1 
4 


15 


* Average of 5 animals on each dose of isonicotinic acid hydrazide and 9 control animals 


nificant change in urinary function. When sacrificed and autopsied, the dogs on 
5 and 20 mg. per kg. showed gross evidence of slight liver pathology. This 
was not evident in the dog at the lowest dose level 

1-Isonicotinyl-2-isopropyl hydrazine (Marsilid) in rats: Chronic toxicity studies 
on the isopropyl hydrazine derivative (Marsilid) were carried out in an experi- 
ment in which groups of 20 rats were placed upon oral dose levels of 0.005, 0.02, 
and 0.08 per cent of the dihydrochloride in the diet. Twenty animals also served 
as controls. The animals on 0.02 per cent and 0.08 per cent in the diet failed to 


4 

12 15.5 8.6 | 45.6 27 69 1.2 1.6 0.4 
0 ) 37.7 36 58 4.6 1.4 0.0 

4 2 | 38.6 27 71 1.2 0.4 0.0 
Ss ) 46.3 19 78 1.6 0.4 0.0 
12 ’ 45.3 34 62 1.6 3.0 0.0 
0 | 0.02 9.6 6.0 || 29.4 28 65 6.2 0.8 0.0 
4 13.9 7.8 14.5 42.7 28 70 1.0 1.4 0.2 
8 14.8 8.5 15.9 45.8 20 80 0.4 | 0.0 0.0 
12 15.6 8.8 15.4 46.6 35 | 62 2.2 | 0.4 0.0 
0 0.05 8.4 6.3 12.1 | 37.8 24 70 5.4 0.4 0.0 
4 13.1 6.8 14.1 41.8 15 S4 1.2 0.2 | 0.0 
8 14.3 8.6 15.8 44.0 18 79 2.0 0.8 0.4 
12 11.8 7.9 15.4 45.9 24 73 1.5 0.8 0.0 
0 37.0 26 71 1.9 0.9 0.3 

4 42.4 30 65 3.0 1.4 0.1 
12 46.6 29 65 1.3 1.0 0.0 . 


BENSON, STEFKO, AND ROE 


TABLE 4 
Bioop Counts or Docs Warcu Recetvep Hyprazine DERIVATIVES 
or Isonicotinic 


HEMATO- 7 
DIFFERENTL COUNT 


LEUKO CYTES OXYHEMO- PER CENT 
CYTES IN IN GLOBIN VOLUME iy 
THOUSANDS MILLIONS ERYTHRO- “hile | Pho- 
CYTES cytes 


DOSE LEVEL 
Mono- Eosino-| Baso- 
cytes phils phils 


Isonicotinic Acid Hydrazide (Rimifon)* 


gm/100 ml 
1 mg/kg 9.! 5.3 13.6 8 10 
13.6 
16.0 
17. 


5 mg/kg 


20 mg/kg : 

2.6 39. 
41.8 
42.5 


l 
1 
1 


1-Isonicotiny!-2-Isopropy! Hydrazine (Marsilid) 


3.5 mg/kg 15.6 6.0 14.1 43.0 68 20 
12 5.4 14.6 42.; 66 
16.6 .3 14 42 66 
17 5.0 14.6 : 68 


7.0 mg/kg 14 5.§ 13.! 2.6 66 
16.! 14 

: 11.§ 35.6 73 

38 66 


14.0 mg/kg 


Controlst 


* Single animal on each dose 
+t Average of 6 animals on each dose 
t Average of 3 animals 


gain weight as rapidly as the controls during the first two weeks of feeding (figure 
2). Thereafter, the rate of growth paralleled that of the controls, although 
the average weights were respectively 7 and 15 per cent below normal. Rats on 
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or 
WEEKS 
ON 
MENT 
° 0 2 4 0.0 
4 5 11 0.0 
8 4 ll 0.0 
12 6 17 0.0 
0. | a 17.0 4.8 12.8 38.2 67 12 3 17 1.0 
4 22.3 4.9 12.8 38.0 87 9 2 2 0.0 
8 14.2 6.0 14.6 41.9 71 14 7 8 0.0 
12 9.3 5.6 15.1 39.5 75 12 3 9 1.0 
| 0 74 13 1 12 0.0 
| 4 M4 8 3 4 1.0 
12 56 28 5 11 0.0 

| 0 5 7 0.1 
5 1 Ss 0.1 
i 9 7 8 0.5 
f 12 6 7 0.3 
0 21 5 Ss 0.0 
5 26 1 8 0.1 
| 9 18 3 5 0.5 
12 26 4 6 0.3 
0 PY 13.0 5.9 13.8 40.2 61 31 2 6 0.1 
5 17.1 3.7 9.3 29.9 71 23 l 5 0.0 
, i) 26.7 4.4 11.0 33.9 71 21 2 6 0.3 
12 16.6 4.9 12.6 39.4 66 21 + Ss 0.5 
0 fo 32.3 5.3 12.8 36.9 73 19 4 4 0.0 
5 14.2 5.4 14.3 42.6 73 21 1 5 0.0 
9 19.9 6.2 14.4 40.9 78 17 2 2 0.3 
12 14.7 5.9 14.9 42.9 62 26 5 6 0.3 
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0.005 per cent of the isopropyl derivative (Marsilid) in the diet showed no sig- 
nificant depression of growth. Hematologic studies showed a decrease in erythro- 
cyte and leukocyte counts and hemoglobin values of moderate degree with the 
two higher dose levels (table 5). At the highest dose level, a few nucleated eryth- 
rocytes were observed in the smears. The animals in this group, when picked up, 
also characteristically held their hind limbs in a position of semiflexion. At the 
lowest dose level, the average erythrocyte count, average hemoglobin value, and 
posture remained normal. 


350; 
T GROWTH RESPONSE OF RATS 


GRAMS 


MARSILID @-HCI 
—— 005% IN DIET 
O2% « 
---- CONTROLS 


BOOY WEIGHT Ww 


J 
‘6 8 10 
WEEKS ON EXPERIMENT 


Fic. 2. Growth response of Sprague-Dawley female rats on 1-isonicotinyl-2-isopropyl 
hydrazine (Marsilid) in the form of the dihydrochloride in the diet. 


After thirteen weeks on the drug, the rats were sacrificed and autopsied. The 
tissues of the rats on the lowest dose level appeared essentially normal. Those on 
the intermediate level presented spleens that were darker than normal. The 
external surfaces were somewhat rough and the cut surfaces were granular. The 
livers were pale brown in color. This pathology was accentuated on the highest 
dose level. In addition, the spleens were larger than normal. The kidneys of rats 
on the highest level showed slightly diminished corticomedullary differentiation. 


Renal pigmentation also was present in rats on the high dose. 
1-Isonicotinyl-2-isopropyl hydrazine (Marsilid) in dogs: In a chronic toxicity 
determination in dogs, the isopropyl hydrazine derivative (Marsilid) was admin- 
istered at dose levels of 3.5, 7.0, and 14.0 mg. per kg. by way of the oral, in- 
travenous, and intramuscular routes. Six animals were placed on each of the 
three dose levels with 2 animals receiving the drug by each of the routes of ad- 
ministration. Three animals served as controls and received saline by the three 
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respective routes. A total of 21 dogs was used in this experiment. All survived the 
thirteen-week period of drug administration without physical evidence of in- 
tolerance or toxicity. The treated animals gained weight comparable with the 
controls and remained in a state of apparent good health throughout the experi- 
ment. Animals on the 3.5 mg. per kg. dose level showed no reduction in average 
erythrocyte counts, hemoglobin, or hematocrit values. The animals on 7.0 mg. 
per kg. showed a slight reduction in all of these values, while dogs on 14.0 mg. 
per kg. presented a significant reduction in these, particularly at the end of one 
month’s treatment. In addition, an increased number of nucleated erythrocytes 


TABLE 5 


AveraGe Bioov Counts or Rats Wuicu Receivep Isonicotinic Acip 
Hyprazipe (MarRsILip)* 


r L DIFFERENTIAL COUNT 
OTA 
ERYTHRO 

LEUKO pete IN OXYHEMO j 

nye ILLION - L Mono Eosino- 
THOUSANDS nho 

cytes phils 


Controls 14 
14 
18 


Average of 10 animals on each dose 


were observed in the blood smears. All of these values gradually improved, as 
noted by successive monthly hemograms, so that by the end of twelve weeks 
they were not markedly reduced when compared with the control animals (table 
t). Coagulation times were in the normal range. 

When autopsied, however, all animals which received the isopropy] derivative 
Marsilid) presented gross pathology. This was most manifest in the spleens, 
bone marrow, livers, and kidneys of animals on the highest dose. The spleens were 
dark, enlarged, and firm. The bone marrow was hemorrhagic. The livers were 
pale brown and the kidneys presented a fibrosis with diminished corticomedullary 
differentiation. The latter pathology was not evident at the lowest dose, i.e., 
3.5 mg. per kg., but slight alterations were noted in the spleens, bone marrow, 
and livers. Intermediate degrees of pathology were observed in animals on the 


NUMBER 
WEES > LEVEL = 
phils 
per ni gm/100 mil 
| 0 0.005 16.0 6.1 12.7 22 76 1.3 0.3 0.2 
6 17.8 8.4 14.6 11 sO 0.9 2.3 0.0 
12 14.4 7.5 15.3 12 87 1.2 0.2 0.0 
0 0.02 15.3 5.7 12.8 18 SO 1.4 0.4 0.1 
6 17.1 7.3 14.6 10 87 1.6 1.4 0.2 
F 12 15.0 6.6 14.0 13 S6 0.3 1.0 0.0 
0 0.08 15.0 5.8 12.3 18 81 0.4 0.7 0.2 
{ 17.5 6.6 13.4 12 S4 1.5 0.6 0.8 
12 15.7 6.2 12.4 ll &S 0.9 0.5 0.0 
0 0 5.8 12.6 0 78 0.9 0.3 0.6 
12 6 7.3 15.2 11 87 0.9 1.2 0.1 
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7.0 mg. per kg. level. Sections of muscle taken from the site of injection in the 
dogs treated intramuscularly presented a dark and fibrotic appearance. Likewise, 
sections of vein from the animals treated intravenously were fibrotic, but no 
gastrointestinal changes were evident in the dogs treated orally. 


DIscussION 


The pharmacologic study of the hydrazides here reported was instituted when 
it was found that these compounds exhibited marked antituberculous activity. 
The toxicologic studies have served as a guide in the selection of clinical dosage, 
and the pharmacodynamic studies have provided information subsequently 
helpful in excluding the possibility that the clinical improvement of patients was 
a consequence of causes other than the specific chemotherapeutic effects of the 
drugs (6). In addition, the present studies have served to explain, in part, mecha- 
nisms involved in the appearance of certain clinical side effects 

The lack of general pharmacodynamic properties of the hydrazides, in dosages 
which have ameliorative effects in tuberculosis, suggests that these agents would 
be free of side effects. Selikoff, Ornstein, and Robitzek (7), however, report that 
a number of patients receiving 1 to 10 mg. per kg. of 1-isonicotinyl-2-isopropyl 
hydrazine (Marsilid) experience dizziness, insomnia, constipation, or urinary 
bladder retention, the last two effects being overcome by administration of 
Prostigmine.* This led them to suggest that these effects might be of autonomic 
origin and due to either parasympathetic blocking or sympathetic stimulating 
properties of the drugs. 

In the many tests carried out to detect possible parasympathetic blocking 
action, atropine-like activity of these compounds could not be elicited even in 
doses far exceeding those used clinically. An exception to this, however, was the 
striking bronchiolytic activity found against the cholinergically induced broncho- 
spasm in guinea pigs. In this respect, the isopropyl derivative (Marsilid), the 
more active of the two compounds, was found to be fifty or more times as active 
as atropine in counteracting the spasm induced by an aerosol of methacholine 
This bronchiolytic activity was not manifest, however, when bronchospasm was 
induced by an aerosol of histamine. 

In contrast to the unusual antimethacholine activity, evidence for an atropine- 
like activity as the basis for the clinical report of constipation has not been found. 
On isolated strips of intestine, isonicotinic acid hydrazide and the isopropyl 
derivative in concentrations five hundred times greater than atropine had no 
effect in counteracting the spasm induced by acetylcholine. Only in extremely 
high concentrations did these compounds inhibit normal peristalsis. In tests for 
atropine-like activity on the pupil and the salivary glands, doses of the hydra- 
zides five hundred times as great as atropine had no effect. On the basis of the 
inability of these compounds to suppress salivary secretion, one is inclined to 
interpret the clinical effect of sputum reduction in the tuberculous patient as a 
real chemotherapeutic effect of the drug on the tuberculous lesion and not just 


‘ Proprietary name, Hoffmann-LaRoche, Inc., for neostigmine. 
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an effect upon general bronchial secretion. The reported change in the character 
of the sputum would also tend to confirm this point of view. 

The clinical report (6) of dizziness in patients receiving the isopropyl deriva- 
tive (Marsilid) conceivably could be due to changes in blood pressure. In anes- 
thetized dogs, the intravenous administration of doses up to 8 mg. per kg. pro- 
duced neither pressor nor depressor effects. In the cat, however, similar dosage 
did produce a transient depressor action, and such a response could occur in the 
human. The possibility that the symptom of dizziness is related to the central 
stimulating action of these drugs has not been ruled out, however. The over- 
alertness and insomnia experienced by some patients receiving the isopropyl 
derivative (Marsilid) is suggestive of this possibility. Only at extremely high oral 
or intravenous doses in unanesthetized dogs, however, were signs of central nerv- 
ous system stimulation evident. The survival of rabbits and dogs without 
neurologic signs when these agents were administered intrathecally speaks against 
a direct effect upon the central nervous sytem. Whether or not a direct stimula- 
tion of the sympathetic nervous system is involved still needs to be more ade- 
quately investigated. 

The similarity of LDso values in mice when either of the hydrazides was ad- 
ministered by several routes points to the completeness of absorption of these 
compounds in this species. That the degree of absorption may be variable from 
one species to another when administered orally is suggested by the fact that, 
while the isopropyl derivative (Marsilid) is many times less toxic than isonico- 
tinic acid hydrazide (Rimifon) in the mouse, it is more toxic than isonicotinic 
acid hydrazide in the rat and rabbit. Furthermore, when given intravenously to 
the rabbit, the isopropyl compound (Marsilid) is less toxic than isonicotinic acid 
hydrazide (Rimifon). 

With repeated doses of 25 mg. or more of either hydrazide per kg., changes in 
the hemoglobin characteristics of the blood were noted. At these doses, significant 
reductions in the total hemoglobin as well as the oxyhemoglobin content of the 
blood of dogs were observed. Associated with these changes, it was found that 
the sulfhemoglobin content of the blood was increased with Marsilid. More pro- 
longed administration of the isopropyl derivative in high dosage led to the devel- 
opment of a hypochromic anemia. That this anemia was not of an aplastic type 
was substantiated by elevations in the leukocyte count, reticulocyte count, and 
urinary urobilinogen concomitant with the fall in erythrocyte count and total 
hemoglobin value. The urine of these animals was colored and gave a positive 
test for urobilin but not for bilirubin. At autopsy, the livers of these animals were 
pale, and the bile was dark in color. 

Although the erythrocytic destructive property of phenylhydrazine and acetyl- 
phenylhydrazine has been used to clinical advantage in the treatment of poly- 


cythemia vera since their respective introductions, it is claimed by Allen and 
Page (8) that hydrazine itself does not possess this property. Although the com- 
pounds here reported are hydrazine derivatives of isonicotinic acid, the chemical 
relation to hydrazine does not, therefore, necessarily imply that they have the 
same effect on the erythrocyte as phenylhydrazine or acetylphenylhydrazine. 


| 
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The oral chronic toxicity studies in rats have indicated that isonicotinic acid 
hydrazide (Rimifon) is less toxic than the isopropyl derivative (Marsilid). 
Although the two agents were not directly compared in the same group of ani- 
mals, it was found that at a dose level of 0.02 per cent in the diet isonicotinic 
acid hydrazide exhibited no deviation from the normal in terms of growth, the 
blood picture, or the gross appearance of tissues. With the isopropylhydrazine 
(Marsilid), all of these were altered. The microscopic examination of the tissues 
from the rats on isonicotinic acid hydrazide has shown, however, that pathology 
does occur at this dose level. This was manifest primarily as an increased cellu- 
larity of the bone marrow with a relatively diminished number of adult neutro- 
phils, slight hyperemia of the spleen, and slight parenchymatous degeneration 
of the liver, kidneys, and testes. The changes in the latter organs did not appear 
irreversible and may have been related to an intercurrent Salmonella infection. 

In the chronic feeding experiments in rats, evidence for a “growth stimulant 
action’”’ was not observed. This is of interest because it indicates that the weight 
gain achieved by tuberculous patients receiving these agents is related to an 
increase in appetite secondary to a reduction in the toxicity of the disease rather 
than to a direct stimulation of the appetite by these compounds. It also tends 
to indicate that the weight gain in patients is not related to tissue imbibition of 
fluids by these drugs. 

The chronic toxicity studies carried out in dogs on isonicotinic acid hydrazide 
(Rimifon) and the isopropyl derivative (Marsilid) were not identical, but 
the isopropyl derivative appeared somewhat less toxic than isonicotinic acid 


hydrazide in so far as weight gain and general observations were concerned. On 
the basis of gross pathologic changes in tissues, the reverse situation appeared to 
exist. The hemorrhagic bone marrow noted in dogs receiving the isopropy] deriva- 
tive (Marsilid) was not noted in dogs receiving comparable doses of isonicotinic 
acid hydrazide. The degree of reversibility of the bone marrow, hepatic, splenic, 


and renal changes is under investigation. 


SUMMARY 


The hydrazine derivatives of isonicotinic acid (isonicotinic acid hydrazide 
[Rimifon] and 1-isonicotinyl-2-isopropyl hydrazine [Marsilid]) exert minor phar- 
macodynamic effects in animals when administered in single small doses. With 
the exception of a marked bronchiolytic effect exerted by the latter compound 
against cholinergically induced bronchospasm in the guinea pig, little evidence 
is available for autonomic activity of a parasympathetic blocking type. 

Sinyle doses in the acutely toxic range induce signs of central nervous system 
stimulation terminating in death due to respiratory failure. In mice and dogs, 
1-isonicotinyl-2-isopropy! hydrazine (Marsilid) is less toxic than isonicotinic acid 
hydrazide (Rimifon). When administered orally to rats and rabbits, isonicotinic 
acid hydrazide (Rimifon) is less toxic than the isopropyl compound (Marsilid). 
When repeatedly administered in high dosage to dogs, alteration in the hemo- 
globin characteristics of the blood occurs. 
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The chronic administration of low concentrations of these agents in the diet 
of rats has no deleterious effect upon growth, erythrocyte counts, hemoglobin 
values, or the gross appearance of tissues. The chronic administration of low doses 
of these agents to dogs over a period of thirteen weeks is moderately well 
tolerated, but pathologic changes in reticulo-endothelial organs are induced. 


SuMARIO 


Observaciones Farmacolégicas y Torxicolégicas sobre los Derivados Hidracinicos del 
Acido Isonicotinico (Rimifon, Marsilid) 


Los derivados hidracinicos del Acido isonicotf{nico, hidracida del Acido isonicotinico 
(Rimifén) y 1-isonicotinil-2-isopropil hidracina (Marsilid) ejercen efectos farmacodindmicos 
de menor cuantia cuando se administran a los animales en pequefias dosis Gnicas. Ex- 
ceptuado un notable efecto bronquiolftico ejercido por el segundo compuesto contra el 
broneoespasmo evocado colinérgicamente en el cobayo, pocas son las pruebas de actividad 
auténoma en forma de bloqueo del parasimpatico. 

Los dosis Gnicas en la escala de toxicidad aguda evocan signos de excitacién del sistema 
nervioso central que culminan en la muerte debida a insuficiencia respiratoria. En los 
ratones y perros, la 1-isonicotinil-2-isopropil hidracina (Marsilid) es menos téxica que la 
hidracida del Acido isonicot{nico (Rimifén). Administrada oralmente a las ratas y los 
conejos, la hidracida (Rimifén) es menos téxica que el compuesto isopropflico (Marsilid). 
Administrada repetidamente a dosis altas a los perros, sobrevienen alteraciones en las 
caracteristicas de la hemoglobina en la circulacién. 

La adicién crénica de esos agentes a bajas concentraciones en el alimento de las ratas 
no ejercié efectos nocivos sobre el crecimiento, las férmulas eritrocitarias, los tenores de 
hemoglobina o el aspecto macroscépico de los tejidos. La administracién crénica de los 
mismos a dosis bajas a los perros durante un perfodo de trece semanas fué tolerada modera- 
damente bien, pero evocé alteraciones patolégicas en los érganos reticulo-endoteliales 


RESUME 
Remarque pharmacologique et toricologique sur les dérivés hydrazines de l’acide isonicotini que 


(Rimifon, Marsilid) 


Les dérivés hydrazinés de l’acide isonicotinique, hydrazide de l’acide isonicotinique 
Rimifon) et 1-isonicotinyl-2-isopropyl hydrazine (Marsilid), exercent une action pharma 
codynamique mineure chez |’animal, quand ils sont administrés 4 ceux-ci sous la forme 
de doses uniques faibles. Chez le cobaye, & l’exception d’une action bronchiolytique mar 
quée, exercée par ce dernier composé contre le bronchospasme cholinergique provoqué, 
on ne dispose que de peu d’indications témoignant d’une action parasympathique du type 
parasympaticolytique. 

La dose unique, dans la gamme des doses toxiques, provoque des signes d’excitation du 
systéme nerveux central, qui se terminent par la mort par inhibition de la respiration 
Chez la souris et le chien, le 1-isonicotinyl-2-isopropyl hydrazine (Marsilid) est moins 
toxique que |’hydrazide de l’acide isonicotinique (Rimifon). Administrée par voie buccale 
au rat et au lapin, l’hydrazide de |’acide isonicotinique (Rimifon) est moins toxique que le 
composé isopropyl (Marsilid). Chez le chien, l’administration répétée, 4 hautes doses, 
provoque une altération des caractéres de l’hémoglobine dans le sang. 

A faibles concentrations, |’administration prolongée de ces composés dans le régime 
alimentaire du rat, n’a montré aucune action nocive sur la croissance, la numération globu- 
laire, la valeur de l"hémoglobine ou l’aspect macroscopique des tissus. Chez !e chien I’ad- 
ministration prolongée A faibles doses de ces composés, pendant une période de treize 
semaines, a été assez bien tolérée, mais des modifications pathologiques du systéme réticulo- 
endothélial ont été observées. 
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INTRODUCTION 


Isonicotinic acid hydrazide (Nydrazid) was found to be highly active against 
experimental tuberculosis in mice by Bernstein and associates (1). Significant 
chemotherapeutic activity was found at drug diet levels corresponding to a daily 
intake of 2 mg. per kg., whereas the maximum acceptable level was found to be 
64 mg. per kg. per day. 

The present report includes acute, subacute, and chronic toxicity studies with 
isonicotinie acid hydrazide (Nydrazid) in mice, rats, and dogs. Plasma con- 
centrations of the drug were determined at appropriate intervals in the chronic 
toxicity tests and in various acute studies. 


EXPERIMENTAL OBSERVATIONS 
Determination of Isonicotinic Acid Hydrazide (Nydrazid) in Plasma 


Method: For the animal studies an initial rapid method was evolved for the determina- 
tion of the isonicotinic acid hydrazide concentration in plasma by extracting with an 
equal volume of isoamy! alcohol and determining the ultraviolet absorption of the alcohol 
solution at 265 mu. An empirical curve of plasma concentration versus optical density was 
obtained from the absorption of alcoholic extracts of known concentrations of isonicotinic 
acid hydrazide in plasma corrected for plasma blanks. The error of determination of plasma 
concentrations of 5 y per ml. or higher was +10 per cent. The minimum detection level 
was 3 y per ml., but below 5 y per ml. the error of determination was increased consider- 
ably. Improved procedures for the estimation of isonicotinic acid hydrazide in plasma and 
urine have been developed by Kelly and Poet (2). 


In an attempt to estimate the blood concentration of isonicotinie acid hy- 
drazide achieved in tests of effectiveness and acceptability by Bernstein and 
associates (1), mice were offered diets containing 2, 8, 32, and 128 times the 
minimum effective drug level. At intervals up to seventeen days mice were 
sacrificed, and pooled blood samples were submitted for drug analysis as out- 
lined above. In no instance was a concentration of drug greater than 5.5 y per 


ml. in plasma obtained. 

Two mongrel dogs were utilized for plasma determinations of isonicotinic acid 
hydrazide after single oral doses of 4 and 20 mg. per kg. and one intravenous 
dose of 5 mg. per kg. Rapid absorption after oral dosage was indicated, since 
peak plasma drug concentrations were attained in thirty minutes or less (figure 
1). At the end of five hours, the plasma drug concentration was at least 33 per 
cent of the concentration present one hour after administration. 

! Proprietary name, E. R. Squibb & Sons. 

* From the Squibb Institute for Medical Research, New Brunswick, New Jersey. 
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Acute Toxicity 


Mice: A total of 135 albino mice ranging in weight from 18 to 24 gm. were 
employed for acute toxicity determinations. The acute oral, subcutaneous, and 
intravenous LD, doses plus or minus standard error were 190 + 6, 170 + 5, 
and 165 + 4 mg. per kg., respectively. Calculations of the LDse and standard 
error were made according to the graphical method of Miller and Tainter (3). 
Nearly all deaths occurred within two hours after dosage; 2 deaths occurred at 
forty-eight hours and one death at ninety-six hours. Symptoms of toxicity were 
excitement, prostration, running movements, and convulsions, but none of these 
were observed in less than thirty minutes after administration of the drug by 
any route. Respiratory arrest occurred before cardiac arrest. 


3 


PO. 20 MGM/KGM. (2) 


~ 


P.O. 4 MGM/KGM. (4) 


MINIMUM DETECTION LeveL, 


4 5 6 


3 
3 


3 
TIME ~HOURS 
Fic. 1. Isonicotinie acid hydrazide (Nydrazid) plasma concentrations after oral and 
intravenous administration to 2 dogs. Each point is the average of the number of tests 
shown in parentheses 


Thirty other mice were given orally the estimated oral LD, dose, 144 mg. per 
kg., and cardiac blood samples were obtained one-half hour later for analysis. 
The mean drug plasma concentration was found to be 44 y per ml. 

Dogs: One unanesthetized dog received isonicotinic acid hydrazide, 100 mg. 
per kg., intravenously during a five-minute period. After thirty minutes the 
animal vomited and salivated excessively. Subsequently the animal was pros- 
trated and exhibited tonic and clonic convulsions. Death occurred one hour and 
fifteen minutes after dosing. Normal values for erythrocyte, leukocyte, and dif- 
ferential leukocyte counts, hemoglobin, erythrocyte sedimentation rate, hema- 
tocrit, and methemoglobin were obtained at fifteen minutes, one hour, and at 
death. Similar results were obtained in a second dog injected with 50 mg. per kg. 
except that death did not occur until three hours after dosing. 

A. P. Richardson (4) investigated the intravenous toxicity of isonicotinic acid 
hydrazide (Nydrazid) by single and repeated daily injection into 11 dogs. Evalu- 
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ation of these data, combined with those reported above, indicated an acute intra- 
venous LDs dose in dogs of approximately 50 mg. per kg. and an LD, of 
approximately 22 mg. per kg. perday when dosage was repeated every twenty- 
four hours for two weeks. 

tichardson (4) also administered the drug to one dog anesthetized with 
morphine and chloralose. When a cumulative total dose of 250 mg. per kg. was 
administered intravenously, hypotension, bradycardia, and irregular pulse were 
observed with the onset of vomiting and convulsive seizures, followed by death. 
Isonicotinic acid hydrazide was without effect on the typical blood pressure re- 
sponse to acetylcholine, epinephrine, and histamine. 


Subacute Oral Toxicity 


Regimens: Four groups of 5 albino rats ranging in weight from 100 to 120 gm. 
each were maintained on a stock diet and water ad libitum. One group was given 
water per os as a control and the other groups were dosed per os with isonicotinic 
acid hydrazide (Nydrazid) at 40, 160, and 640 mg. per kg. per day, divided into 
four doses for a maximum period of twenty-one days. A fifth group was given 
320 mg. per kg. per day, divided into two doses, for a maximum period of fourteen 
days. Body-weight curves were obtained on all groups, and food consumption 
records were kept on the fifth group. 

Body weight and food intake: In the first week, the groups of rats receiving the 
three upper dose levels lost weight, and the group receiving the lowest dose level 
failed to gain as rapidly as the controls. From this it was apparent that 40 
mg. per kg. per day in the rat were about equivalent to the maximum acceptable 
dose level of 64 mg. per kg. per day in the mouse (1). 

At the end of the twenty-one-day test period, the mean increases in body 
weight were 37, 35, and 13 gm. for the control group and the groups receiving 40 
and 160 mg. per kg. per day, respectively. The higher dose groups manifested 
continual losses in body weight. After six days of the test, the 320 mg. per kg. 
per day group showed a mean decrease in body weight of 28 gm. and the 640 
mg. per kg. per day group, a mean decrease of 20 gm. At 320 mg. per kg. per day, 
one rat died on the seventh day and another on the twelfth day; whereas one and 
2 rats were sacrificed and autopsied on the ninth and fourteenth days, respec- 
tively. At 640 mg. per kg. per day, one rat was sacrificed after showing con- 
vulsive seizures on the seventh day, 2 more died on the tenth day, and the 
remaining 2 rats were sacrificed on the same day and autopsied. The food con- 
sumption record of the 320 mg. per kg. per day group showed that the body 
weight loss was correlated with the reduced food intake. 

Post-mortem findings: In the 3 sacrificed rats receiving 320 mg. per kg. per day, 
the gross appearance of the heart, lungs, liver, kidneys, spleen, and pancreas was 
essentially normal. Microscopically, the heart, lungs, spleen, adrenals, and 
pancreas of these animals appeared to be normal. The liver of one of these 3 rats 
appeared normal, one showed two necrotic areas and slight granular degeneration, 
and the other slight fatty degeneration. The kidneys of these 3 test rats showed 
only slight granular degeneration of the proximal convoluted tubules. Similar 
microscopic lesions were not observed in 2 control rats examined. 
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Grossly, in the 2 sacrificed rats receiving daily oral doses of 640 mg. per kg. per 
day, there were no definite pathologic changes in the lungs, kidneys, heart, liver, 
spleen, pancreas, or adrenals. The tissues of one of these rats were examined 
microscopically and the pathologic changes noted were similar to those described 
above. 

Dog Chronic Oral Tozicity 


The dose levels for the dog chronic study were calculated from the maximum 
tolerated dose levels in mice and rats in the subacute experiments. Calculation of 
dosage in mg. per kg. of body weight and tolerance periods from one species to 
another on the basis of relative body surface area led to the estimates shown in 
table 1. 

Groups of 2 mongrel dogs were studied at dose levels of 4, 10, and 25 mg. per 
kg. per day. When the highest dose proved to be rapidly toxic, a fourth dosage 
group of 2 dogs was initiated at 17.5 mg. per kg. per day. 


TABLE 1 
Maximum ToueratTep Daity Dose or Isonicotinic Acip Hyprazipe 


DAILY DOSE (mg/kg) MINIMAL TOLERATED PERIOD (WEEKS) 


ANTMAL 7 
Calculated | Experimental Calculated Experimental 


Reference (1) 
Rat 38 40 l 


Dog 10 - 


The dogs were given the drug orally at 8:00 a.m. and 4:00 p.m. daily except 
weekends when only the morning dose was administered. Such dosage was 
continuec until deatk or sixteen weeks to date.* The dogs employed ranged in 
body weight from 8.7 to 13.2 kg. Each dog had been kept in the laboratory for 
at least three months before being placed on test, during which time the dogs were 
immunized, deparasitized, and control laboratory values were obtained. 


Clinical Laboratory Tests 


The routine determinations and observations on each dog before and during the test 
period consisted of the following biweekly examinations: hematologic and chemical studies 
(see below), plasma drug concentrations, urinalyses, and physical tests. The body weight 
was determined at approximately three-day intervals, and a daily record was kept of food 
consumption and animal symptomatology. 

The hematologic studies consisted of erythrocyte and leukocyte counts, differential 
leukocyte counts, determinations of hematocrit, hemoglobin, sedimentation rate, and one 
stage prothrombin time. Chemical tests of the blood included determinations of nonprotein 
nitrogen, urea nitrogen, dextrose, serum specific gravity, serum protein, cholesterol, creat- 
inine, and the qualitative van den Bergh test for bilirubin. When indicated, the bilirubin 
tolerance was determined. Serum calcium and methemoglobin determinations were made 


? Since preparation of the manuscript the test period has been extended to a total of 
twenty weeks without further changes in symptomalogy or laboratory findings in the 4 
surviving dogs. 
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at irregular intervals. The physical tests included electrocardiograms with standard limb 
leads, basal metabolic rates, cuff blood pressures, and rectal temperatures. Urinalyses in- 
cluded determinations of albumin, reducing substance, specific gravity, pH, color, and 
microscopic examinations 


Twenty-five milligrams per kilogram per day: At the highest dose level, 25 mg. 
per kg. per day, anorexia, loss in body weight, ataxia, body tremors, tonic and 


TABLE 2 
Gross Microscopic PatHotocic CHaNnces Dogs TreaTep with IsoNniIcoTINIC 
Acip Hyprazipe (Nyprazip) 
ORAL DOSE 


DOG NUMBER , TEST DAYS ORGANS SHOWING PATHOLOGIC CHANGES® 
MG/KG/DAY 


9202 : 28 Found dead 

Liver: pronounced fatty degeneration (80 to 90%) 

Kidneys: slight to marked fatty degeneration of 
convoluted tubules 

| Intestines: small subacute inflammatory mucosal 

ulcer (1 to 1.5 cm.) in duodenum; few petechiae 
in jejunum, cecum, and rectum 

Bone marrow: no smear made 

Sacrificed 43 days after last dose 

Liver: very few small sites of 5 to 20 parenchymal 
cells showing marked fatty degeneration; other- 
wise apparently normal 

Found dead 

Liver: pronounced fatty degeneration (80 to 90%) 

Kidneys: slight fatty degeneration of proximal 
convoluted tubules 

Stomach: contents greenish-brown fluid; other- 
wise normal 

Bone marrow: no smear made 

Found dead 6 days after last dose; generalized 
icterus 

Liver: appears to be regenerated (parenchymal 
cell pattern somewhat disorganized); con- 
siderable cellular debris in sinusoids 

Kidneys: only slight degeneration of proximal 
tubules and moderate amount of serous exudate 
in glomerular capsules 

Thyroid: slight to moderate desquamation of 
epithelial cells 

Bone marrow: myeloid erythroid ratio on 500 
cells was 4.05 (normal range 1.45 to 3.0), prim- 
arily due to a decrease in the erythroid cells 


* Heart, lungs, thyroid, stomach, liver, spleen, pancreas, intestines, adrenals, and bone 


marrow were examined and found normal unless noted otherwise. 


clonic convulsions, prostration, and jaundice developed progressively within the 
first two to four weeks in both dogs. Peak convulsive activity occurred one to two 
hours after administration of the drug. One dog (No. 9202) died on the twenty- 
ninth day and was autopsied. When severe toxicity became apparent on the 
tenth day in the second dog (No. 9206), administration of the drug was stopped 
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and forced feeding was initiated. A rapid reversal of the symptoms occurred 
within the next two weeks. This animal was sacrificed and autopsied forty- 
three days after cessation of dosage. 

Seventeen and five-tenths milligrams per kilogram per day: At the second highest 
dose level, 17.5 mg. per kg. per day, similar symptoms developed within the 


P.0. 4 MGM./KGM/DAY P.O 10 MGM./KGM./DAY 
DEATH 00G *9187@ 4 #91938 00G #92098 


JAUNDICE + 
PROSTRATION4 
CONVUL SIONS + 

TREMORS 

ATAXIA 
BODY WT. Loss- 
ANOREXIA 


P.O. 17.5 MGM./KGM. /DAY P.O. 25 MGM./KGM_/DAY 
D0G #92088 06 DOG #92068 #92028 


DRUG DISCONTINUED DRUG DISCONTINUED 
DEATH 
JAUNDICE- 
PROSTRATION- 
CONVULSIONS 
TREMORS~ 


ATAXIA- 


00G SACRIFICED, 
AUTOPSIEO 


NORMAL 


~ 
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Fic. 2. Chronologic symptomatology of chronic oral administration of isonicotinic acid 
hydrazide (Nydrazid) to dogs. 


first four to five weeks in both dogs. One dog (No. 9208) died on the thirty- 
second day; the other (No. 9211), on the thirty-ninth day in spite of cessation 
of drug administration after the thirty-third day. Both animals were autopsied. 
The gross and microscopic pathologic findings on the 4 autopsied dogs are 
summarized in table 2. 

Ten milligrams per kilogram per day: At the dose level of 10 mg. per kg. per 
‘ay, one dog (No. 9193) has been symptom free for sixteen weeks to date’ 
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except for slight anorexia during the eighth and ninth weeks. During the first 
nine weeks the other dog (No. 9209) showed irregular periods of anorexia and a 
slight loss in body weight. In the next seven-week period, irregular and transient 
bouts of ataxia, body tremors, and tonic and clonic convulsions were observed 
in this second dog (No. 9209). No deaths or evidence of jaundice have occurred 
in this group to date.* 


Four milligrams per kilogram per day: At the lowest dose level employed, 
4 mg. per kg. per day, one dog (No. 9188) has been symptom free throughout 


TABLE 3 
CurnicaL Lasporatory CHances Detecrep 1In Docs Durtne Crronic ORAL 
ADMINISTRATION OF Isonicotinic Actp Hyprazipe (NyYDRAzID) 


LEUKOCYTES BILIRUBIN 
SERUM PLASMA HEART 
PROTEIN NPN RATE 
Abs Diff Endo Toler 


genous ance 


O1S7 

9158 

9193 

9209 

W208 
9211" 33 
9202 28 
92067 10 + = 


* Drug administration stopped after thirty-third day, animal moribund; dead on thirty- 
ninth day 


t Drug administration stopped after tenth day; all values but the leukocyte count re- 
turned to normal within the following two weeks. 
t Neutrophils increased, lymphocytes decreased 
++ = moderate to marked increase 
+ = slight increase 
0 = no significant change 
= slight decrease 
= moderate to marked decrease 


the sixteen-week test to date.? The second dog (No. 9187) evidenced mild anorexia 
and slight loss in body weight, but no evidence of jaundice or central nervous 
system disturbance has been observed. 

Chronologic incidence of symptoms in all groups: The chronologic incidence of 
these various symptoms among the 8 dogs is summarized in figure 2. The 4 
surviving dogs on the two lower dose levels are being continued on test. 

The only noteworthy changes in hematology, blood chemistry, and physical 
tests detected among the 8 dogs are cited in table 3. Urinalyses and other clinical 
laboratory determinations not included in table 3 have not deviated significantly 
from normal. 

Plasma concentrations: The plasma drug concentrations attained in the 8 dogs 
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during chronic oral administration were roughly proportional to the dose. As 
judged by plasma drug concentrations alone, no evidence of cumulation was 
detected, particularly at the three lower dose levels (table 4). The plasma drug 
concentrations of one dog (No. 9202) receiving 25 mg. per kg. per day were 4 
and 31 y per ml. thirty minutes before and after the morning dose, respectively, 
on the twenty-third day. Furthermore, when this same drug dosage was dis- 
continued in the other dog (No. 9206) after the morning dose on the tenth day, 
the plasma concentration fell from 23 y per ml. at 8:30 a.m. to 5 y per ml. by 
4:30 p.m. At 8:30 a.m. on the following day, no drug could be detected in 
the plasma. 


TABLE 4 
PLasMA CONCENTRATIONS OF IsonicoTinic Acip HyprazipE (Nyprazip) DurING CHRONIC 
ORAL ADMINISTRATION IN Dogs 
DRUG PLASMA CONCENTRATION (y/mL )* 
(30 MINUTES AFTER DOSAGE) 
DOS 


NUMBER Weeks of Test 
age e 


7-8 9-10 per dog per dose 


9187 4.0 5 4.3 
9188 3.8 4.6 3.9 4.0 
9193 f 4.4 3 3. 4.3 
9209 5. 8.4 6.7 6.9 
9208 ‘ 8. Dead thirty-second day 10.0 


9211 | 9. Off drug thirty-second day, dead thirty- 10.0 
ninth day 
9202 | 25 38 Dead twenty-ninth day 30.3 
9206 | 13.2 Off drug tenth day, sacrificed fifty-third 13.2 
day 


* Each concentration within a two-week period is the average of 2 to 6 determinations. 
— = no determination 


DISCUSSION 

Isonicotinic acid hydrazide (Nydrazid) was found to be rapidly and completely 
absorbed from the gastrointestinal tract of mice and dogs. In mice there was a 
very small difference between the oral, subcutaneous, and intravenous lethal 
doses. The early peak plasma drug concentrations obtained with oral administra- 
tion in dogs were essentially the same as those achieved by intravenous ad- 
ministration. These plasma concentrations declined not more than 66 per cent 
in five hours and disappeared almost completely in sixteen hours. No cumulation 
of plasma concentrations was observed on an eight-hour, twice-daily dose 
schedule in dogs at or below 17.5 mg. per kg. per day. 

The observed time lag between attainment of peak plasma concentrations 
and onset of convulsive seizures suggests either a delay in passage of the drug 
across the blood-brain barrier or conversion to a toxic metabolic intermediate, 
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or both. Good correlation was obtained between plasma drug concentration and 
toxicologic effects. Plasma levels of approximately 44 y per ml. were obtained 
in mice receiving single LD, oral dosage. In chronic dog studies, plasma drug 
concentrations of 9 to 35 y per ml. were associated with anorexia, central nervous 
system stimulation, liver damage, and death within one month; concentrations 
of 6 to 8 y per ml. were not lethal in sixteen weeks but caused only anorexia and 
transient central nervous system stimulation; lower concentrations caused little 
or no anorexia and no central nervous disturbances in the same period of study. 

The pathologic and biochemical evidence indicates that the jaundice pro- 
duced at the higher dose levels in dogs is the result of fatty degeneration of the 
liver. The slight renal tubular damage found may have been secondary to the 
hepatic insufficiency. When drug administration was stopped in one moribund 
jaundiced dog on the thirty-third day, no significant liver damage, but con- 
siderable regeneration of hepatic parenchyma, was found when the dog died 
six days later. Another jaundiced dog was taken off the drug after ten days, 
and at autopsy forty-three days later the liver showed very few localized areas 
of fatty degeneration (table 2). In the latter dog, bilirubin tolerance returned 
to normal and signs of central nervous system disturbance disappeared. Thus, 
it appears that the two most outstanding manifestations of isonicotinic acid 
hydrazide toxicity may be reversible. 

In mice, rats, and dogs, the experimental maximum tolerated subacute or 
chronic oral doses agreed closely with those calculated on a basis of relative 
body surface area. In the order of species named, these doses were approximately 
64, 40, and 10 mg. per kg. per day. Extension of these calculations to man on a 
similar basis indicates that the maximum tolerated chronic oral dose may be 
as high as 4 to 5 mg. per kg. per day for comparable periods of time. At pres- 
ent, dosage approaching this level is undergoing clinical trial (5). 


SUMMARY 


Isonicotinic acid hydrazide (Nydrazid) was found to be rapidly absorbed 
after oral administration to mice and dogs. At the acute and chronic dosages 
employed in dogs in this study, approximately sixteen hours were required for 
disappearance of the drug from circulating plasma. 

Acute toxicity in mice and dogs was characterized by excitement and con- 
vulsions which were delayed in onset even after intravenous administration. 
Subacute toxicity in rats was evidenced by anorexia, loss in body weight, oc- 
casional convulsions, and slight hepatic damage. 

Chronic administration to dogs resulted in anorexia, loss in body weight, 


ataxia, tonic and clonic convulsions, fatty degeneration of the liver, and jaundice. 
Reversibility of these effects appears possible upon prompt cessation of drug 


administration. 

The subacute and chronic maximum tolerated daily oral dose of isonicotinic 
acid hydrazide in different species appears to be related to their relative body 
surface areas. 
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SUMARIO 
Farmacologia de la Hidracida del Acido Isonicotinico (Nydrazid) 


La hidracida del Acido isonicotinico (Nydrazid) fué, segin se observé, répidamente 
absorbida después de ser administrada oralmente a los ratones y perros. A las dosis agudas 
y crénicas empleadas en los perros en este estudio, necesitéronse unas dieciséis horas para 
la desaparicién de la droga del plasma circulante. 

La intoxicacién aguda por la droga se caracterizé en los ratones y perros por excitacién 
y convulsiones, tardfas en su iniciacién aun después de la administracién endovenosa. 
La intoxicacién subaguda se tradujo en las ratas por anorexia, pérdida de peso, convulsiones 
ocasionales y leves lesiones hepaticas. 

La administracién crénica a los perros dié por resultado anorexia, pérdida de peso, 
convulsiones ténicas y clénicas, degeneracién grasa del higado e ictericia. Parece posible 
obtener la reversibilidad de esos efectos si se suspende prontamente la administracién de 
la droga. 

La m4xima dosis oral tolerable, tanto aguda como crénica, de hidracida del Acido iso- 
nicotinico en diversas especies parece enlazarse con las relativas d4reas superficiales del 


cuerpo de las mismas. 


RESUME 
Pharmacologie de hydrazide de l’acide isonicotinique (Nydrazid) 


Chez la souris et le chien, il a été observé qu’aprés l’administration orale, l"hydrazide 


de l’acide nicotinique était rapidement absorbée. 

Au cours de cette étude chez le chien, avec les doses utilisées pour une période d’ad- 
ministration bréve, ou avec celles utilisées pour une période d’administration prolongée, 
il a fallu environ seize heures pour que ce composé disparaisse du plasma circulant 

{Chez la souris et le chien, les phénoménes de toxicité aigué étaient caractérisés par de 


l’excitation et des convulsions d’apparition tardive, méme aprés |’administration intra- 
veineuse. Chez le rat, les phénoménes de toxicité subaigué se sont manifestés sous la forme 
d’anorexie, de perte de poids, de convulsions intermittentes et d’une légére altération du 
tissus hépatique. 

L’administration prolongée, chez le chien, a provoqué |’anorexie, la perte de poids, 
l’ataxie, les convulsions toniques et cloniques, la dégénérescence graisseuse du foie et 
l’ictére. La réversibilité de ces effets apparait possible si on cesse brusquement l’administra- 
tion du produit. 

En ce qui concerne la tolérance chez les différentes espéces, le maximum de la dose orale 
quotidienne de |’hydrazide de l’acide isonicotinique, cette tolérance parait en rapport 


avec le poids de |’animal 
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HYDRAZINE DERIVATIVES OF ISONICOTINIC ACID (RIMIFON', 
MARSILID*) IN THE TREATMENT OF ACTIVE PROGRESSIVE 
CASEOUS-PNEUMONIC TUBERCULOSIS’ 


A Preliminary Report 
EDWARD H. ROBITZEK anp IRVING J. SELIKOFF 
(Received for publication January 19, 1952) 


INTRODUCTION 


In the synthesis of the antituberculous compound thiosemicarbazone of 
isonicotinaldehyde (1), Dr. H. H. Fox of the Roche Chemical Research Labora- 
tories used isonicotinic acid hydrazide as an intermediate (2). Dr. R. J Schnitzer 
and Dr. E. Grunberg in the Roche Chemotherapy Laboratories found that this 
compound exerts a striking and lasting effect on experimental tuberculosis in 
mice. Dr. Fox thereupon undertook the synthesis of a series of derivatives of 
isonicotinie acid hydrazide (3), which were then studied in Dr. Schnitzer’s 
laboratory. The finding that some of these exerted antituberculous activity 
similar to the original isonicotinic acid hydrazide (4, 5), coupled with experi- 
mental suggestion of sufficient overlap of therapeutic and nontoxic dosage ranges 
(6, 7, 8), has led to the current clinical study. Three compounds have been con- 
secutively and concurrently investigated by the present writers: (/) 1-isonico- 
tinyl-2-glucosyl hydrazine‘, (2) 1-isonicotinyl-2-isopropyl hydrazine (Marsilid) 
and (3) isonicotinic acid hydrazide (Rimifon). 

The studies, which are still in progress, now cover a six-month period. The 
compounds under investigation have been found to exert an important thera- 
peutic effect in human tuberculosis (9). A preliminary report of the current status 
of these investigations is therefore advisable, although, by its very nature, many 
details must be omitted or briefly mentioned, and conclusions are necessarily 
tentative. 

The initial therapeutic series in the present study comprises 97 consecutive 
patients with pulmonary tuberculosis who have now had four to fifteen weeks of 
therapy and were variously selected to allow study of many aspects of possible 
chemotherapeutic response. Within this series, a group of 44 consecutive cases 
was specially selected for the study of chemotherapeutic effect on acute active 
progressive bilateral caseous-pneumonic tuberculosis. It is this latter group 
which is described in the present report in an evaluation of the therapeutic 


‘ Proprietary name, Hoffmann-La Roche, Inc., formerly designated as Ro 2-4572/1. 
This drug was supplied by the Scientific Laboratories of Hoffmann-La Roche, Inc., of 
Nutley, New Jersey. 

? Proprietary name, Hoffmann-La Roche, Inc., formerly designated as Ro 2-3973. This 
drug was supplied by the Scientific Laboratories of Hoffmann-La Roche, Inc., of Nutley, 
New Jersey 

‘From the Medical Service of Sea View Hospital, Staten Island, New York 

‘ Formerly designated Ro 2-4179. This drug was supplied by the Scientific Laboratories 
of Hoffman-La Roche, Inc., of Nutley, New Jersey 
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effect of the hydrazine derivatives of isonicotinic acid in this important and 
serious type of pulmonary tuberculosis. 


PLAN OF INVESTIGATION 
Choice of Material 
The fundamental criterion which was applied in the selection of each patient 
was that his disease had progressed so far that he was no longer a candidate for 
any other standard accepted form of therapy. No patient was chosen for whom 


TABLE 1 
Sputum EXAMINATIONS FOR Acip-Fast BaciLur Berore Onset or THERAPY 
Total Patients: 44 
Number of Patients 

Positive on unconcentrated smear: 

Gaffky VI-X 
Positive on unconcentrated smear: 

Gafiky I-V 
Positive on concentrated or gastric 

specimens 


TABLE 2 
TEMPERATURE RANGE Berore Onset or THerapy: OnE TO Five Monrtus 
Number of Patients 
Range 100°F. 16 
Range 101° to 102°F . 18 
Range 103° to 105°F 10 


44 


TABLE 3 
Weicut Loss (Pounps) During Pre-Tuerapy Course 

Weight Less from Normal Weight Number of Patients 
1-9 pounds 
10-19 pounds 
20-29 pounds 
30-39 pounds 
40-49 pounds 

50-59 pounds 


263 pounds average weight loss 


benefit from bed rest, the currently available antimicrobial therapy, medical 
collapse, or surgical therapy could be anticipated. Because of the rigidity of this 
criterion, it is evident that only patients with extensive disease were selected, the 
so-called “‘hopeless’’ case, in many instances close to terminal status. A sufficient 
pre-therapy observation period was utilized to preclude the selection of any 
patient who was improving either spontaneously or with other therapy. Each 


44 
|_| 
.. 44 
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patient in this study, during an average pre-therapy observation period on the 
wards of 5.2 months per patient, was observed to have either stationary or 
progressive disease. In each instance the prognosis was determined to be uni- 
formly poor. In all instances the sputum was persistently positive for M. tubercu- 
losis (table 1); and, in all, the temperature was continuously elevated from 100° F. 


TABLE 4 

Previous TuHerapy: 44 Cases 
Streptomycin 41 patients 

One course—17 patients Average 50 gm 

Two courses—14 patients Average: 84 gm 

Three courses—9 patients Average: 142 gm 

Five courses—1 patient Average: 100 gm 
3 patients 
39 patients 
3 months 
13 patients 
9 patients 
4 patients 


No previous streptomycin therapy 

Para-aminosalicylic acid therapy* 
Average duration of therapy 

Pneumothorax therapy 

Pneumoperitoneum therapy 

Surgical therapy (excisional, et cetera) 


* Administered concurrently with streptomycin 


TABLE 5 
CLASSIFICATION OF PuLMONARY Disease: 44 Cases 
(Classification of Ornstein et al. (10)) 
Number of Cases 
Exudative-caseous-pneumonic 21 
Productive-caseous-pneumonic 


7 
8 


Caseous-pneumonic 
Exudative-productive-caseous-pneumonic 


44 


TABLE 6 
CLASSIFICATION OF PuLMONARY Disease: 44 Cases 


National Tuberculosis Association Classification) 
Number of Cases 


Minimal 0 


Moderately advanced 
Far advanced 


to 105° F. (table 2) for periods of one to five months. All patients had exhibited 
weight loss (table 3) and had failed to gain appreciably for protracted periods 
despite other forms of therapy (table 4). 

The classification of the tuberculosis present in the 44 patients may be seen 
in tables 5, 6, and 7. The patients are further classified by race, sex, age, and 


duration of acute disease in table 8. 


3 
4 
| 5 
| 
39 
44 
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TABLE 7 
RoOENTGENOGRAPHIC ANALYSIS OF PrRE-THERAPY COURSE 


Number of Case 


Progressive 31 
Recent spreads of disease 
Stationary 13 


TABLE 8 


Data CONCERNING THE 44 PaTIENTS aT ONSET OF THERAPY 


NUMBER OF PATIENTS y ON 
DURATION OF DURATIO D4 

PRESENT 

DISEASE ILLNESS 
Race Sex 


White Puert 


Negro een | Male Female Range |Average Range Average 


months | months months month 


17 27 2to276 30 lto46 14 


TABLE 9 
CurnicaL Status at Onset or THERAPY 


Number of 
Patsents 
Appetite 
Good 
Fair 
Poor 
Bad 


Energy and Sense of Well-Being 
Good 
Fair 
Poor 
Bad 


Toxicity 
one plus 
two plus 
three plus 
four plus 


Cough and Sputum 
0 
one plus 
two plus 
three plus 
four plus 


\ 
105 
44 
3 15 12 8 6 29 8 7 | 
44 
9 
7 
29 
6 
44 
10 
17 
10 
7 
44 
l 
6 
15 
16 
6 
44 
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Patient Status Before Therapy 


Clinical symptomatology uniformly present among these patients included 
excessive cough and expectoration and anorexia and asthenia, graded independ- 
ently by the patient and the medical and nursing staffs. General estimates of 
toxicity were more difficult to obtain but have been roughly graded (table 9). 
Five patients also exhibited other forms of tuberculosis, including laryngeal 
tuberculosis, otitic tuberculosis, intestinal tuberculosis, and tuberculous empy- 
ema. Nontuberculous diseases included asthma, sickle-cell anemia, previous 
psychosis, alcoholism, recurrent urticaria, probable amyloidosis, and syphilis. 


Methods 


Before institution of therapy, each patient was subjected to clinical and labo- 
ratory study. The studies included physical examination and, in cases of doubt, 
consultation with members of the consulting services. Patients had preliminary 
chest roentgenograms, complete blood counts, urinalyses, chemical studies of 
the blood, including determination of cephalin flocculation, cholesterol and cho- 
lesterol esters, serum proteins, icterus indices, and van den Bergh tests. Finally, 
each patient was evaluated from the psychologic standpoint with a view to 
ensuring perseverance, cooperation, and emotional stability. No patient with 
overt evidence of serious parenchymatous disease (other than pulmonary tuber- 
culosis) was accepted for therapy during the early phases of the study. 


Dosage Regimens 

The initial trials with 1-isonicotinyl-2-glucosyl hydrazine (figure 1) during 
June, July, and August and, later in September, 1951 (11) demonstrated con- 
vincingly that humans readily tolerate 2 mg. of this compound per kg. of body 
weight. Since animal studies with isonicotinic acid hydrazide (Rimifon, figure 
2) and its isopropyl! derivative (Marsilid, figure 3) indicated that greater thera- 
peutic benefit could be anticipated from these more stable compounds, their 
study was started using an initial dose approximating 2 mg. per kg. of body weight. 
Each drug was administered by mouth after meals in three divided daily doses. 
All other medication, including vitamins, and all other treatments, including 
pneumoperitoneum, were discontinued at onset of therapy. Three therapeutic 
pneumothoraces were continued in instances wherein control of the tuberculosis 
had been established in one lung but the contralateral lung remained uncon- 
trolled. 

Patients were introduced into the series in groups. The first group, 17 patients, 
started therapy with the isopropyl derivative (Marsilid) on October 2, 1951. 
Additional groups at 2 mg. per kg. were added on October 15 (6 patients) and 
October 25 (7 patients). On November 15, after more than seven weeks of 
observation and experience at the 2 mg. dosage level, a new 29-patient study was 
started, using 4 mg. per kg. of body weight. On November 20, the entire original 
series consisting of three groups (30 patients) was elevated to the 4 mg. dosage 
level and, on November 23, 17 additional patients were added at the same 
level. Absence of significant toxicity (see below) appeared to justify sharp addi- 
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cCTeHses and. on December 6. additional patients were 
started on therapy at mg. per kg. The decision this dosage level 
tied. On December 17, 11 patient 


ata dosage ot 2 mye per kg Atte rone Wee@eK 


in the ibe e thera 


an therapy with 


ippears to have beer 
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ill cases aft i tial tall with the excep 


ipper respiratory infection 1 these patients, a tempera 


oximately wecurred for three to four days, after 


16.5 pounds 


22.0 pounds 


been most spectre 

erage of 19.7 pounds each 
ident the second 
ies (table | verug among 
22.0 pounds essential to note 
thnormal accumulations of body fluids were 


ents vith edema clu to probable amvloidosis 


tion ot © mst es of 
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rABLE 10 
\ Wi Gain Arrer THerapy 
yu Four to Fifteen Weeks 
Weg y te pounds 
Weg 20 pounds 
Weig y to 30 pounds 
Weig to 49 pounds » 
14 
j 7 ‘ 
A ge 
| 27) Average gait 
| 
rABLE 11 
R Duration oF THERAPY Dosace Ranat 
time. Marsilid 22.8 
2 2 to 4me. Marsilid 13 2.0 
2to 4 mg. Marsilid 2 26.5 
img. Mars i 27.5 
y Ww vy. Mars 7.0 
; 2 to 4 mg. Rimifont 7.0 
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17 male = 16.5 pounds 
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not found. Indeed, one of the 
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( xperienced a suddet hal | rofound diuresis and loss of edema. It should be noted 
that almost every patient who has been on therapy for eight weeks or longer is 
now back to normal weight Thus, of 31 patients who have had eight to fifteen 
veeks of therapy, there has been an average weight gain of 24.9 pounds 

lppetite: Appetites are not susceptible of objective estimation but have been 


uniformly remarkable i 1 present series Phe best ce ScTIptive stock expression 
“ravenous.”’ Based o ve calculations of the dietary division, there has been 
it least a 5O per cent n food cOnSUMptlOn O1 the wards utilized for this 
study 


ind it F bit yor perception to ¢ liminate the psve hologie aspects In 


herent na gre up entirely aware that it Is recelving special uttention Neve! 
theless, the Improvement 


These features are similarly difficult to evaluate 


these two spheres has been strikingly obvious to the 


nursing and medical staffs and to the patients. Indeed, disciplinary problems 


have been unusually common, a factor which is obviously attributable to resur 


gent animal vigor. Apathy and drowsiness, characteristically seen among many 


of the acutely ill tuberculous patients on the wards, have been completely elimi 


nated by the second week i The routine inquiries after institution 


ol therapy indicate that the patients usually feel better before any objective 


measurements of improvement cal be mack 
Shi Wher absent, there was restoration of normal skit oiliness and turgor 
by the second or third weeks. It has become evident that changes in skin appear- 


ince often presage subsequent clinical Improvement 


Re sponse of Local Lesior 


Cough and expectoration: Relief from cough and expectoration was noted with 
regula ity during the second week ol therapy Ih most 


toration preceded loss of cough. This ts probably a reflection of the fact that 


stances, loss ol exper 


among other thn ys, « ugh in tuberculous patients “arises trom. ine reased fluid 


material within the bron ial tree and trom direct irri of the bronchial 


mucosa. It mav | issumed, therefore, that diminution 


expectoration pre 
ceded resolution of the bronchial irritation 


Cough preceding institution of therapy has been arbitrarily graded in plusses 


Reference to tal 12 will demonstrate the sharp diminution in cough expe 


rienced by patients under thet ipy. After the second week, no patient requested 


antitussives and none are in use on the wards at this time 


expectoration roughly measurable. The sputum cup in use at Sea View 


Hospital sa 20 ce. re eptiac le Phe amounts of sputum raised have been graded 


as follows: none to one-half eup, 1 plus; one half to one cup, 2 plus, one to two 
cups, 3 plus; t r more cups, j plus In table 12 the marked reductions et 


ountered ire grapn hy portraved 


m: Uneoncentrated specimens of sputum were examined once weekly by 


the stained smeat ehiicue It has been the custom at Sea View Hospital to 


supplement these vith centrated specimens alter two 


consecutive smears 


have been negat I iwid-fast bacilh ind with concentrates of the gastri 
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Roentge nogran Chest films were taken at onset of the rapy and monthly 
there iltel 


Pomographs and special exposures were made as required, The current 
uation represent three month observation on the older CUSECS In 
| represents a one-month follow-up, Reference is made to 
presented in tables 5 and 6, and anestimat 
tus may be see tahle 
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TABLE 4 


PTEEN WEEKS 


Evaluation of “chronic” 


toxicity is without rationale in this report. ‘Acute’ 
TONICITY deserves close si rutvins and the salient features of the untoward reactions 
encountered mav be seen in table 15 
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Case 1 (L. D.). This 32-ve BEE female was admitted to Sea View Hospit 
on June 16, 1951 with extensive bilateral caseous-pneumonic tlosis. She had 
ill since 1041. In the t ear period 1950 through 1951 she had had six courses of strept 
mvein tot ng 300 gt thirteen months of pneumothor vitheout est of the disease 
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1951. at 4 mg. per kg. pe Within one week there s nical metat hosis. A sharp ' 
Was note n the fourtl therap her fever reached : ge on the 
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seven-week course VAS 
1 nine months of PAS therap 


combined with stric 


t bed 1 failed to I 
tient’s downhill cour ‘ iin \ ind moderately febrile with temperatures 
ig trom 1OL tol throughout t hospital course. He slow 
is 40 pound t normal \ cough, productive 


purulent | Positive 


ve Marsilid 


temperature 


is clear-cut reduction 
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low Gatfky range tient remains clinically well and therapy is | 
tinued 

Comparison ter 1 with pre therapy film shows marked reduction in 
Cuvity Size this ! cach of the cavities present Although spontaneous 
closure of si vl eu l not unusual, it Is uncommon for manv cavities to 


close simultaneously 


Case 3 id Negro female was admiutte 
vember 7, 1051 ough symptoms of her pulmonary tubereulosis were | notes 
14S, there was marked exacerbation in October 1951. On admission to Sea View Hospit 
November 7, 1951, her status was eritical. In the previous months her weight had 
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pulmonary disease revealed by roentgenography is in large measure massive and 
irreversible, so that initial evaluations cannot be made so readily by sputum 
examinations and by roentgenography as in less advanced disease. The toxicity 
of the disease, however, as shown in the present study, can be sharply and rapidly 
curtailed, and it is on this feature that preliminary emphasis has been placed. 
The extraordinary and rapid weight gains (average, 16.5 pounds for males, 22.0 
pounds for females in 8.8 weeks), the resurgent appetites which exceed the pre- 
vious known normals, the rapid return of temperature to normal (in some in- 
stances almost by crisis), and the restoration of energy suggest an adaptation of 
the patient’s metabolic status to a new environment free of the depressive in- 
fluence of systemic tuberculosis. Most encouraging in this respect has been the 
fact that this has occurred equally impressively in previous antibiotic failures 
and in de novo cases. 

The rapidity of response implies, but does not prove, that a specific bactericidal 
effect may be operative, as suggested in animals by Grunberg and Schnitzer (4). 
Further bacteriologic study will be required in this connection. Temperature 
changes at times have been so dramatic as to suggest an antipyretic effect. But 
the few days’ delay before specific temperature drop, the concomitancy of other 
clinical response, and the failure of the temperature to resume high levels on dis- 
continuance of therapy indicate, rather, a specific antituberculous effect. 

Early observations indicated that the nervous system was being influenced. 
Alertness, a tendency toward hyperreflexia in some instances, “nervousness,” 
and occasional insomnia have suggested central stimulation. Constipation, dry- 
ness of the mouth, and bladder sphincter hypertonia have suggested an effect 
on the autonomic system. That this is probably not parasympathetic blockage 
has been suggested by an unusually severe reaction, implying overstimulation 
of the sympathetic system, in a patient who had been given 22.5 mg. of ephedrine 
sulfate. This will be reported in detail elsewhere. Similarly, symptoms have been 
ameliorated by the use of Prostigmine, on occasion. 

It is the writers’ impression that vertigo, frequently noted, is vasomotor in 
origin. Blood pressure drops of 20 to 30 mm. systolic and 10 to 15 diastolic, associ- 
ated with elevated pulse rates by 30 beats per minute, have been observed during 
these episodes. These effects have been transitory and customarily have occurred 
at one-half to one and one-half hours after ingestion of the medication. The blood 
pressure has not been elevated in any instance, indicating that the hypothetical 
sympathetic stimulation has been unaccompanied by pressor activity. These are 
simple preliminary speculations which require thorough investigation in the 
pharmacology laboratories. 

The question of proper dosage is still entirely unsettled. In the present study, 
the drug has been arbitrarily administered in three divided daily doses after 
meals. It was believed that a slightly higher incidence of vertigo occurred with 
administration before meals but this was not confirmed on statistical scrutiny. 
The concentrations of drug attained in the blood are currently being studied, 
but no statement can be made at this time. It is possible that such analysis will 
not be of material assistance in determining dosage schedules; it is equally possible 
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that the maintenance of high blood concentrations by three- or four-hour adminis- 
tration schedules will provide the greatest therapeutic benefit. 

It must also be emphasized that the total optimal daily dosage per kilogram 
has not been determined. Therapeutic benefit has been noted on daily doses of 
1 mg. of the glucoside derivative per kg., 1 mg. of the hydrazide per kg., and 1 
mg. of the isopropyl! derivative per kg. This benefit was progressively enhanced 
on daily doses of 2, 4, and 10 mg. of the isopropyl derivative per kg. and by 2 
and 4 mg. of the isonicotinie acid hydrazide per kg. At present further trials are 
in progress which are designed to evaluate other dosages of these two compounds. 
Reference to the toxicity tables will show that increases in side effects may be 
aiticipated with increasing dosages. Of interest has been the belated observation 
in the present study that in many instances the doses were spontaneously di- 
minishing. A weight gain of 50 pounds in a 100-pound patient automatically 
reduces the dose by 33} per cent 

\ definitive statement concerning the relative values of the three drugs under 
investigation cannot be rendered at this time. On the basis of the present observa- 
tions, however, it is believed that the glucoside derivative is least useful. In- 
stability, need for refrigeration, and need for administration by injection dimin- 
ished the versatility of this derivative. Further comments in this regard are 
reported elsewhere. A nonstatistical estimate of the therapeutic efficacy of this 
drug suggests that its responses are neither as profound nor as sudden as those 
of the other two. 

At this stage of the present investigations, isonicotinic acid hydrazide (Rimi- 
fon) and the isopropyl derivative (Marsilid) appear to be nearly equal in effec- 
tiveness. Reference to the tables suggests that the isopropyl derivative (Marsilid) 


in the higher dosages exerts rapid, profound effect and, simultaneously, a higher 
incidence of toxic reactions during the first four weeks of therapy. Isonicotinic 
acid hydrazide (Rimifon) exerts less ‘‘acute” toxicity and an almost equal thera- 
peutic response. It should be pointed out, however, that preliminary animal 
studies (6) suggest that long-term toxicity may occur at lower dosages, a feature 
which evokes greater caution. Designation of the definitive drug may require 


several years of study. 

Tuberculosis of the tongue has been under therapy with isonicotinic acid 
hydrazide (Rimifon) and the isopropyl derivative (Marsilid) in 2 cases. The 
encouraging response will be reported in detail at another time. 

Likewise, a statement will be forthcoming from the Ear, Nose and Throat 
Service regarding tuberculosis of the larynx. Suffice it to say that the present 
clinical observations, entirely apart from the specific laryngoscopic observations, 
indicate healing of the same magnitude as has been noted with streptomycin 
therapy. 

The gastrointestinal lesions cannot now be tabulated. It is known from studies 
of the pathologic material at Sea View Hospital (13) that most patients with 
laryngeal lesions, and many without, have ulcerations of the intestinal tract, 
particularly in the ileocecal area. Tchertkoff and Green (14) showed that a 
febrile course of two or more months in a patient with sputum positive for tubercle 
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bacilli and with open cavities almost invariably indicated the presence of this 
type of lesion. Since most of the present cases have been febrile, a high percentage 
of gastrointestinal tuberculosis must have been present. No clinical or roentgeno- 
graphic data are available to prove or disprove this assumption, but the clinical 
course supports the contention that a beneficial effect was obtained from this 
therapy. 

No statement relating to the emergence of drug-resistant strains of tubercle 
bacilli can be made at this time. Serial cultures will be studied for the develop- 
ment of resistance. Entirely from the clinical point of view, however, no clear- 
cut evidence suggesting such resistance has been encountered in patients under 
therapy for more than three and one-half months. The patients continue to gain 
weight, retain their appetites, energy, and sense of well-being, and have had no 
resumption of cough and expectoration. These observations are believed to be 
significant, since many of these patients continue to discharge tubercle bacilli 
in the sputum in the presence of destroyed lungs. In the writers’ experience, 
such patients under streptomycin therapy have usually exhibited resumption of 
symptoms with the emergence of drug-resistant strains of tubercle bacilli. Should 
the theories of adaptation be correct, ultimate resistance to the hydrazine de- 
rivatives of isonicotinic acid may be anticipated. 

Drug reactions of the hypersensitivity type have not been seen. Five patients 
treated for seven weeks with the glucoside derivative were re-treated with the 
same drug six weeks after discontinuance. No allergic response was noted clini- 
cally, nor was eosinophilia found on examination of the blood smear. Two addi- 
tional patients have had the isopropy! derivative (Marsilid) discontinued, with 
resumption of therapy three and four weeks later without allergic reaction. None 


of the patients under isonicotinic acid hydrazide (Rimifon) therapy have had 


discontinuance and resumption. 

Dyspnea of minor degree has been noted in several instances. This was in- 
variably seen in patients experiencing weight gain and concomitant increase in 
physical activity. The dyspnea was not deemed to be disproportionate to these 
factors. 

Indulgence in speculation in this preliminary report does not seem improper. 
The ultimate therapy for the tuberculous lesion is obviously speculative. Should 
the factors of the emergence of drug-resistant tubercle bacilli remain of limited 
or of no significance, it is visualized that there might be a divergence from the 
current tendency to administer tuberculotherapy in courses and a return to 
therapy in accordance with the pathology of the individual case. The cases 
chosen for study in the present investigation obviously call for long-term therapy 
and many, even under the most sanguine circumstances, will require surgery 
for the correction of the residual pathology. No minimal cases have been studied, 
but for these an optimistic outlook seems justified. 

On the basis of the findings presented here and elsewhere (15), it is believed 
that further investigation of the hydrazine derivatives of isonicotinic acid is 


warranted. 


ROBITZEK AND SELIKOFF 


SUMMARY AND CONCLUSIONS 


Forty-four cases of acute febrile, progressive caseous-pneumonic tuberculosis 
have been treated with two hydrazine derivatives of isonicotinic acid, (a) 1- 
isonicotinyl -2- isopropyl hydrazine (Marsilid) and (b) isonicotinic acid hydrazide 
(Rimifon). Therapy to date has ranged from four to fifteen weeks. 

All patients experienced rapid and marked reversal of their original toxic 
states, as evidenced by gain in weight, return of appetite, defervescence, and a 
sharp return in sense of well-being. 

Cough and expectoration have been eliminated or markedly reduced. 

Sputum bacillary contents have been reduced in 38 cases and, in 8 cases, 
examinations for acid-fast bacilli on stained smears have been repeatedly nega- 
tive. 

On roentgenographic examination, reduction in cavity size has occurred in 17 
cases and apparent diminution in exudate has occurred in 5 cases 

Therapeutic effects of isonicotinic acid hydrazide (Rimifon) after four weeks at 
4 mg. per kg. daily are roughly equivalent to 1 - isonicotinyl - 2- isopropyl hydra- 
zine (Marsilid) at the same dosage and for the same period. 

The incidence of early side reactions is moderately higher with the isopropyl 
derivative (Marsilid) therapy at comparable dosages although, from tentative 
and preliminary animal studies, isonicotinic acid hydrazide (Rimifon) might 


have a higher potential delayed toxicity. 
The hydrazine derivatives of isonicotinic acid exert an impressive therapeutic 


effect upon the course of acute caseous-pneumonic tuberculosis in humans. 


SUMARIO Y CONCLUSIONES 


Los Derivados Hidracinicos del Acido Isonicotinico (Rimifén, Marsilid) en el Tratamiento 
de la Tuberculosis Caseo-Neuménica Evolutiva Activa 


Cuarenta y cuatro casos de tuberculosis cféseo-neuménica evolutiva febril aguda han 
sido tratados con dos derivados hidracinicos del Acido isonicotinico: (a) 1-isonicotinil-2- 
isopropil hidracina (Marsilid) vy (b) hidracida del dcido isonicotfnico (Rimifén). La tera- 
péutica hasta la fecha ha durado de cuatro a quince semanas 

Todos los enfermos manifestaron rfépido y notable viraje de sus primitivos estados 
téxicos, segin evidenciaron el aumento de peso, vuelta del apetito, defervescencia y deci 
dido retorno de una sensacién de euforia 

La tos y la expectoracién han sido eliminadas o reducidas en forma pronunciada 

1 contenido bacilar del esputo ha sido rebajado en 38 casos, y en 8, los ex4menes en 
busca de bacilos dcidorresistentes en frotes tefiidos han sido negativos repetidamente 

Conforme al examen radiogriéfico, ha habido disminucién del tamafio de las cavernas en 
17 casos y aparente disminucién del exudado en 5 

Al cabo de cuatro semanas a 4 mg. diarios por kg. de peso, los efectos terapéuticos de la 
hidracida del Acido isonicotinico (Rimifén) vienen a ser equivalentes a los de la 1-isonicoti 
nil-2-isopropil hidracina (Marsilid) a la misma dosis y durante el mismo perfodo de tiempo 

La incidencia de reacciones laterales tempranas es moderadamente mayor con la tera- 
péutica con el derivado isopropflico (Marsilid) a dosis comparables, aunque, juzgando por 
los estudios en animales, la hidracida del Acido isonicotinico (Rimifén) acaso posea una 
toxicidad tardia potencial mayor 

Los derivados hidracfnicos del dcido isonicotinico ejercen un imponente efecto terapéu 
tico sobre la evolucién de la tuberculosis c4seo-neumoénica aguda en el hombre. 
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RESUME ET CONCLUSIONS 


Le dérivé hydraziné de l’acide isonicotinique (Rimifon, Marsilid) dans la pneumontie caséeuse 
tuberculeuse évolutive 


Quarante-quatre cas aigus de pneumonie caséeuse tuberculeuse évolutive avec fiévre 
ont été traités avec deux dérivés hydrazinés de l'acide isonicotinique, (a) le 1-isonicotiny] -2- 
isopropyl hydrazine (Marsilid) et (b) l’hydrazide de l’acide isonicotinique (Rimifon). A 
ce jour, la durée des traitements a été de quatre 4 quinze semaines. 

Chez tous les malades il s’est produit une transformation rapide et marquée des con- 
ditions toxiques, qui existaient 4 l’origine, comme |’ont montré l’augmentation du poids, 
le retour de l’appétit, la chute de la température et une brusque reprise de |’état général 

La toux et l’expectoration ont été éliminées ou réduites de fagon marquée 

Le contenu en bacilles des expectorations a diminué dans 38 cas et, dans 8 cas, la recherche 
des bacilles acido-résistants sur les étalements colorés s’est montrée constamment nézative 

L’examen des clichés radiographiques indique une réduction du volume des cavernes 
dans 17 cas et, dans 5 cas, la diminution de |’exudat s’est manifesté. Au bout de quatre 
semaines les effets thérapeutiques de l’hydrazide de l’acide isonicotinique (Rimifon) a la 
dose de 4 mg. par kg. par jour sont A peu prés équivalents & ceux de 1-isonicotinyl-2-iso- 
propyl! hydrazine (Marsilid) aux mémes doses et pendant la méme période 

A doses comparables, l’incidence de réactions secondaires immédiates est légérement 
plus élevée avec la thérapie par le dérivé isopropyl (Marsilid), comme le montre l’expéri- 
mentation sur l’animal; il semble que l’hydrazide de l’acide isonicotinique posséde un 
potentiel de toxicité retardée plus élevé 

Les dérivés hydrazinés de l’acide isonicotinique exercent une action thérapeutique 
impressionnante sur le cours de la pneumonie caséeuse tuberculeuse aigué chez l'homme. 
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INTRODUCTION 


Isonicotinie acid hydrazide (Nydrazid) has been demonstrated by Bernstein, 
Lott, Steinberg, and Yale of the Squibb Institute to have a considerable and 
unique inhibitory effect on the growth of Mycobacteria in vitro and to exert an 
impressive degree of antituberculous activity in experimentally infected mice 
(1). Systematic studies of the pharmacology of this compound were conducted 
by Rubin, Hassert, Thomas, and Burke (2) who defined the acute and chronic 
toxicities of the drug for several animal species, including dogs. They found that 
isonicotinic acid hydrazide was well tolerated by dogs for observation periods of 
three to four months when administered orally in doses which provided theoreti- 
cally effective concentrations in the plasma. As a consequence of these obser- 
vations, an investigation in man of the pharmacodynamics and antituberculous 
activity of isonicotinic acid hydrazide was started in November 1951 on the 
New York Hospital-Cornell Medical Service. Observations made in this study, 
on the pharmacology and toxicity of the drug when administered to patients 
with pulmonary tuberculosis, form the basis of the present report. 


PLAN OF INVESTIGATION 


Patients: The patients chosen for study were all adults with pulmonary tuberculosis 
classified as far advanced or moderately advanced by the criteria listed in D1aGNnostic 
Sranparps of the National Tuberculosis Association (1950 edition). With a few exceptions, 
the patients had had long courses of streptomycin and para-aminosalicylic acid (PAS) 
and were discharging tubercle bacilli which were insusceptible to streptomycin in vitro. 
The type and timing of the clinical, bacteriologic, and roentgenographic observations 
made of the course of the tuberculous infection during isonicotinic acid hydrazide adminis- 
tration were identical with those listed in previous publications (3, 4). 

Drug: The isonicotinic acid hydrazide* used was a highly purified crystalline powder 
incorporated into capsules containing 10.0 mg. or 25.0 mg. 

Dosage regimen: For continued administration, the isonicotinic acid hydrazide was given 


1 Proprietary name, E. R. Squibb & Sons. 

* From the Department of Medicine, New York Hospital-Cornell Medical Center, New 
York, New York. 

* This study was supported in part by grants from the Division of Research Grants and 
Fellowships, National Institutes of Health, Public Health Service; The Lederle Labora- 
tories Division, American Cyanamid Company, Pearl River, New York; Charles Pfizer & 
Company, Inc., Brooklyn, New York. 

‘ Generously supplied as Nydrazid by E. R. Squibb and Sons, New York, N. Y. 
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orally in a total daily dose of 3 mg. per kg. divided into two doses at approximately twelve- 
hour intervals. Deviations from this regimen were made in certain individual experiments 
and will be noted below. 

Collection of specimens: Following a single oral dose of isonicotinic acid hydrazide, 
specimens of venous blood were drawn at appropriate intervals under aseptic precautions 
and placed in sterile test tubes containing enough potassium oxalate to produce a final 
concentration of 0.3 per cent. The blood was centrifuged at 3,000 r.p.m. for twenty min- 
utes, and the supernatant plasma was removed for analysis. The total twenty-four-hour 
output of urine was collected in fractions which were measured and analyzed. Specimens 
of pleural fluid, cerebrospinal fluid, sputum, saliva, and feces were obtained by the cus- 
tomary techniques. 

Chemical assay of isonicotinic acid hydrazide in body fluids: Determinations of the con- 
centration of isonicotinic acid hydrazide in the various body fluids were made by the tech- 
nique of Kelly and Poet (5). Samples were extracted into an isoamyl alcohol-ether-ammo- 
nium sulfate system which was redistributed with a 0.1 N HCl phase. This phase was 
reacted with p-dimethylaminobenzaldehyde, and the color produced was measured in a 
Beckman spectrophotometer at 450 mu, using 1 cm. Corex cells against a sample of 0.1 N 
HCl. The values of the samples containing unknown amounts of isonicotinic acid hydrazide 
were adjusted by the appropriate known zero blank and compared with standard recovery 
values for blood, urine, cerebrospinal fluid, pleural fluid, ascitic fluid, saliva, and sputum. 
The sensitivity of the method was obtained by the following procedure. 

The minimum, median, and maximum absorptions per 7 per ml. of biologic material 
were obtained by performing multiple determinations from prepared standards; and the 
minimum, median, and maximum absorptions per ml. of control biologic material were also 
obtained. Calculations were made with the following equations 


maximum absorption of biologic material per ml. 


Minimal detectable concentration = 
minimum absorption per y per ml. 


maximum deviation from the median absorption of the biologic 
control and maximum deviation per y of drug per ml. of biologic 
material 
median absorption per y of drug per ml. of standard biologic 
materia: 


Sensitivity in y per ml. = 


It was possible to use these equations because of the linear relation of per cent absorption 
to concentration for the range of concentrations encountered. 

Because urine concentrations covered a great range, two dilution factors were employed. 
The values for both methods are listed in table 1. 

Renal clearance of isonicotinic acid hydrazide: The following equation was used in cal- 
culating clearance: 


urinary excretion in y per minute 
plasma concentration in y per ml. 


Clearance = 


The values selected for these calculations were chosen for a time period after the plasma 
concentration had begun to decline. Large variations in absorption, as evidenced by a slow 
or irregular rise or fall in plasma concentrations, necessitated excluding 2 patients from 
these calculations. 

It is interesting to observe that the one patient in whom the plasma concentration was 
high enough to be measured directly at twenty-four hours exhibited a comparable concen- 
tration when calculated from his urinary excretion and clearance during the twenty-fourth 
hour. 

Antituberculous activity of plasma: The antituberculous activity of plasma obtained 
from patients at various intervals after ingestion of isonicotinic acid hydrazide was tested 
in vitro against M. tuberculosis (H37Rv) in liquid medium containing 0.05 per cent albumin 
and 0.0002 per cent Tween 80. An inoculum of the culture containing approximately 50, 000 
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viable units was used and the end point of the tests was determined by gross inspection 
after fourteen days’ incubation at 37°C. 

Tests of renal and hepatic function: The urea clearance was calculated according to the 
formula of Moeller, McIntosh, and Van Slyke (6), and the plasma proteins were measured 
by the method described by Kingsley (7). The sulfobromphthalein sodium retention (8) 
and the thymol turbidity tests (9) were used in the evaluation of hepatic function. 

Protocol of the investigation: The subjects remained in bed throughout the period of the 
investigation and were observed daily for any evidences of drug toxicity. Particular atten- 
tion was paid to the detection of any evidences of excitation of the nervous system. Imme- 
diately prior to the institution of isonicotinic acid hydrazide, the status of renal, hepatic, 
and hematologic functions was determined. Total leukocyte and differential counts were 
performed twice weekly, together with examinations of the urine. The hematocrit, erythro- 
cyte sedimentation rate, erythrocyte counts, and hemoglobin concentrations were deter- 
mined weekly. Chemical determinations of the blood performed at two-week intervals 
included measurements of CO; combining power, chloride concentrations, blood sugar 
(fasting), calcium and phosphorus concentrations, total protein, and albumin-globulin 
ratios. Renal function was estimated every two weeks after the start of isonicotinic acid 


TABLE 1 
Tue Accuracy or THe Assay Metoop WHEN AppLiep TO VARIOUS 
BroLtocic MATERIALS 


MINIMAL DETECTABLE | 


CONCENTRATIONS — 


BIOLOGIC MATERIAL 


per mi ber mi 

Plasma +0.25 
Urine 1/4A. +8.0 
1/20B.. +7.0 
Feces..... +10.0 

Cerebrospinal fluid pattie +0.25 

Pleural fluid. . +0.25 


hydrazide by urea clearance and blood urea nitrogen determinations. Hepatic function was 
estimated every two weeks by bromsulfonphthalein retention, bilirubin concentration, 
thymol turbidity, and alkaline phosphatase activity. Cardiac function was studied by 
pulse and blood pressure charts and electrocardiography. 


OBSERVATIONS 
Absorption, Distribution, and Excretion 


Plasma concentrations: A single oral dose of 3 mg. of isonicotinic acid hydrazide 
(Nydrazid) per kg. was administered to each of 6 adult patients with normal 
renal function. The range of the individual doses was 140 to 200 mg. of drug. 
The concentrations of isonicotinic acid hydrazide attained in the plasma at 
various intervals after ingestion are represented in figure 1. As may be seen in the 
figure, the drug was absorbed promptly and the maximum concentrations (1.3 
to 3.4 y per ml.) were attained in the plasma between one and six hours after 
ingestion. Drug concentrations at or above the minimal concentration detectable 
by the method used (0.40 y per ml.) persisted in the plasma for six to twenty- 
four hours after administration. 
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In another set of observations, the plasma concentrations attained following 
a morning dose of 1.5 mg. per kg. were determined in 5 patients who had been 
receiving this dose twice daily for a minimum period of one week. These data are 
presented in table 5. As may be seen, the maximum concentrations among the 


PLASMA CONCENTRATIONS IN SIX SUBJECTS RECEIVING 5 MG/KG 
OF ISONICOTINIC ACID HYDRAZIDE 


12 


EXCRETION IN URINE OF ISONICOTINIC ACID HYDPAZIDE FOLLOWING A SINGLE 
OSE OF 3.0 MILLIGRAMS PER KILOGRAM IN SIK PATIENTS EXPRESSED AS 
ER CENT OF TOTAL ORAL DOSE PER HOUR 


'2 


Time 


Fic. 1. The absorption and simultaneous urinary excretion of isonicotinic acid hydra- 
zide following administration of a single dose of 3.0 mg. per kg. to each of 6 patients. 


individual patients ranged between 0.60 y and 1.48 y per ml., and the drug could 
be detected in the plasma for three to seven hours after administration. 

In 7 patients who were receiving isonicotinic acid hydrazide daily in a 
total dosage of 3.0 mg. per kg. (administered in two doses), weekly determinations 
of the plasma concentrations of drug were made approximately three hours 
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after the morning dose. From these data, which are presented in table 6, no 
evidence was obtained of accumulation of the drug on long-continued admin- 
istration. 

Renal clearance and excretion in urine: In figure 1 may be seen the per cent of 
the total 3 mg. per kg. dose of isonicotinic acid hydrazide which was excreted per 
hour by the 6 patients whose plasma concentrations are indicated in the graph. 
The determinations of the concentrations of drug in plasma and in urine were 
made during the same twenty-four-hour experimental period. During this period, 
the individual patients excreted in the urine between 47.8 and 70.7 per cent of 


TABLE 2 
Tue AssorpTion or IsonicotTinic Acip HypRAZIDE 


PLASMA CONCENTRATIONS OF ISONICOTINIC ACID HYDRAZIDE IN y PER ML. IN 6 PATIENTS 
TOTAL ORAL FOLLOWING ADMINISTRATION OF A SINGLE ORAL DOSE OF 3.0 MG. PER KG. 
Le hour 1 hour 144 hours 2 hours 3 hours 6 hours 24 hours 


1.5 


PATIENT 


TABLE 3 
Tue Urinary Excretion or Isonicotinic Acip HypRazipE 


TOTAL URINARY EXCRETION OF ISONICOTINIC ACID HYDRAZIDE IN PER CENT OF 
PER CENT TOTAL ORAL DOSE PER HOUR IN 6 PATIENTS FOLLOWING ADMINISTRATION 
patient | TOTAL ORAL | Coat pose OF A SINGLE ORAL DOSE OF 3.0 MG. PER KG. 
RECOVERED 
IN URINE 


140 mg. 47.8 
200 mg. 55.6 
69.6 
68.1 
54.3 
70.7 


the dose administered. In general, as may be seen in figure 1, after the first two 
hours, the rate of excretion of the urine was reasonably constant, and the curve 
of the excretion of the drug in the urine was similar to the curve of the plasma 
concentrations in the same patient. It is of interest that, during the twenty- 
fourth hour after the administration of the drug, between 0.03 and 1.1 per cent 
of the total oral dose was excreted in the urine. Although with one exception 
(patient H. G.) with the technique used it was not possible to demonstrate the 
presence of the drug in the plasma at this time (twenty-fourth hour), the amounts 
excreted in the urine presumably reflect the presence of substantial, albeit 
chemically undetectable, quantities in the plasma. 


\ 

R. 8. 140 mg. 0.1 0.0 —_ 3.0 — || 0.0-0.4 
H. G. 200 mg. 1.6 1.7 3.9 —_— 3.3 _ 0.4 
200 mg. 1.6 3.4 3.3 2.4 0.0-0.4 
F. B. 180 mg. 0.3 0.6 — 0.6 — 1.3 0.0-0.4 
a & 150 mg. 0.0 1.3 — 2.0 — 0.6 0.0-0.4 
a a 140 mg. 1.6 2.0 2.3 _ 1.4 — 0.0-0.4 
R. 8. 0.7 4.5 4.6 2.2 1.6 0.7 
H. G. 4.0 5.8 4.7 3.4 1.3 0.9 
D. T. 3.9 6.4 4.5 3.6 2.2 0.03 
F. B. 1.8 4.4 6.1 4.8 2.2 1.1 
a5 0.6 9.4 4.9 4.2 1.0 0.9 
i? 4.5 1.8 5.3 5.8 2.4 0.3 


434 ELMENDORF, CAWTHON, MUSCHENHEIM, AND McCDERMOTT 


The data permitted calculation of the renal clearance of isonicotinic acid 
hydrazide in 4 of the 6 patients. The clearances ranged from 60 to 156 as listed 
in table 4. From these values it was possible to make a calculation of the concen- 
trations of isonicotinic acid hydrazide present in the plasma during the twenty- 
fourth hour. The results of these calculations are presented in table 4 where the 
values predicted from calculation of plasma clearance of the drug are compared 
with the values actually obtained by chemical assay of the blood at that time. 

Excretion by other routes: A substantial concentration of isonicotinic acid 
hydrazide (1.43 y per ml.) was excreted in the saliva of the one patient tested 
three hours after ingestion of a 1.5 mg. per kg. dose. Total stool collections were 


TABLE 4 

PLasMA CONCENTRATIONS OF IsonticoTINIC Acip Hyprazipg CALCULATED 
FROM Urinary EXCRETION 

PLASMA CONCENTRATION AT 


PATIENT CLEARANCE 2344 HOURS CALCULATED 
FROM CLEARANCES 


PLASMA CONCENTRATION 
MEASURED CHEMICALLY 


y per mi y per mi 
0.24 0.0-0.4 
0.48 0.4 + 0.25 
0.05 0.0-0.4 
0.11 0.0-0.4 


TABLE 5 
CONCENTRATIONS OF IsonicoTinic HyDRAZIDE IN MICROGRAMS PER 
MILLILITER IN 5 PaTIENTS ON ContTINUOUS DosaGE or 3.0 Ma. per Ka. Divipep 
into Two Doses rer Day 


PATIENT 


attempted in only 2 patients (F. B., H. G.), the first stool passed after ingestion 
of the drug was assayed. Concentrations of 40.4 and 79.4 y of isonicotinic acid 
per gram of stool were found in specimens passed twenty-five and thirty-six 
hours after administration of the drug. Attempts to measure the concentration 
of the drug in the sputum were unsuccessful because of great variation in the 
control determinations of sputum from untreated patients which raised the 
minimum detectable concentration to more than 5 y per ml. 

Distribution into body compartments: The transfer of isonicotinie acid hydra- 
zide into the cerebrospinal fluid following oral administration of the drug was 
studied in 9 patients (4 adults, 5 children). Three of the patients presented no 
evidence of meningeal infection. A fourth patient had been previously treated 


| R.S 63 
H.G 60 
88 
J.I 156 

a 3 HOURS 7 HOURS 

R. 8. 0.79 0.45 

H. G. 1.48 0.78 

F. B. 0.90 0.0-0.4 

J. I. 0.76 0.0-0.4 

A. T. 0.60 0.0-0.4 
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for tuberculous meningitis but had displayed no clinical or cerebrospinal fluid 
evidence of active meningeal infection for a period of three months before re- 
ceiving the isonicotinic acid hydrazide. The remaining 5 patients all had active 
tuberculous meningitis at the time of the investigation. 

The dosages of isonicotinic acid hydrazide, the time relationships of the with- 
drawal of the cerebrospinal fluid to the ingestion of the drug, and the concen- 
trations of drug in cerebrospinal fluid and plasma are presented in table 9. 

As may be seen (table 9), appreciable concentrations of the drug were present 
in the cerebrospinal fluid of all patients. The earliest withdrawal of fluid after 
the first administration of the drug was made at three and one-half hours in one 
of the 4 patients without active meningitis, and at three and one-fourth hours 
in one of the 5 patients with active meningitis. In all 9 of these patients, appre- 
ciable concentrations of isonicotinic acid hydrazide were present in the fluid. 


TABLE 6 


PiasMA CONCENTRATION OF IsonicoTINIC Acip HypraziIpE IN PaTIENTs RECEIVING 3.0 
Ma. per Ke. per Day Divipep 1n Two Equa.ty Spacep Doses PER Day 
The Concentrations Were Obtained Three Hours After the First Oral Dose on 
the Day Indicated 


TIME IN DAYS 
PATIENT 


A comparison of the drug concentrations in the meningitis and non-meningitis 
cases is not possible because of the difference in the dosages in the two groups. 

Without regard to the time of withdrawal of the cerebrospinal fluid, the con- 
centrations of drug in the fluid of the 5 patients with active meningitis (1.77 to 
4.10 y per ml.) were substantially higher than the concentration (0.06 y per 
ml.) which completely inhibits the H37Rv strain of M. tuberculosis for fourteen 
days in vitro. 

Repeated examination of the cerebrospinal fluid in the 5 patients with active 
meningitis at weekly intervals showed no significant change when the cerebro- 
spinal fluid was obtained at approximately the same time after the last oral dose 
as in the preceding weeks (table 9). 

Distribution of isonicotinic acid hydrazide into the pleural cavity was studied 
in one patient with tuberculous empyema who had never previously received the 
drug. At two hours after ingestion of a single dose of 2.0 mg. per kg. (total dose, 
160 mg.), a drug concentration of 0.0 to 0.4 y per ml. was found in the pleural 
exudate. 


7 14 21 28 35 
R. 8. 0.79 0.99 1.21 1.00 1.12 
H. G. 1.48 1.23 1.82 1.55 1.48 
F. B. 0.90 0.68 0.83 
a i 0.76 0.86 0.99 0.90 0.97 
A. T. 0.60 0.42 0.70 - = 
D. T. 1.20 1.59 
E. 8. 1.33 0.64 1.18 — —_— 
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Toxicity 

A total of 10 patients have received isonicotinic acid hydrazide in a daily 
dosage of 2 to 3 mg. per kg. for a period of one week. In 6 patients, the drug 
has been administered daily in a dose of 3 mg. per kg. in two divided doses for 
periods which range between six and sixteen weeks. No evidences of potentially 
serious toxicity have been encountered in any of the patients who have received 
the drug.® 

Hematologic: The data on the various hematologic studies are presented in 
table 7. As may be seen in the table, there were no evidences that administration 


TABLE 8 
Cue CoMPARISON OF CHEMICAL AND BroLocic Assay (wits H37Rv) ON THE 
DETERMINATION OF IsontcoTiInic Actp HyprazipE CONCENTRATIONS 


ASE CHEMICALLY BIOLOGIC ASSAY 


Cerebrospinal Fluid 


7 per mi per mi 
0.55 >1.3 
0.13-0.7 
0.13-0.7 

>5.0 
2.5 -5.0 

>5.0 
10 0.7 -1.3 
1.95 1.3 -2.6 


> 


I 
E. 
R 
E 
I 


w 


Plasma 


0.70 7 -1.3 
0.99 4-0. 
1.80 7 
0.80 
1.30 
1.20 .3 -2 


of isonicotinic acid hydrazide in the dosage used was associated with any toxicity 
for the hematopoietic system. In one patient an eosinophilia of 15 per cent was 
noted, but this disappeared within three days despite the fact that drug admin- 
istration was not interrupted. 

Tests of renal and hepatic function: Serial tests of renal and hepatic function 
were performed on 7 patients who received isonicotinic acid hydrazide on the 
3.0 mg. per kg. daily regimen for a minimum period of four weeks. The relevant 

* An additional 8 patients, all children or young adults, have received isonicotinic acid 
hydrazide in a minimal daily dosage of 5 mg. per kg. for periods of four weeks (6 patients) 
and two weeks (2 patients) without evidences of toxicity. All but one of these patients are 
part of the meningeal-miliary study, mentioned elsewhere in the present paper, which is 
being conducted at Tuba City, Arizona, in collaboration with Dr. Charles M. Clark (U.S. 
P.H.S8.) of the Indian Medical Service 
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data are presented in table 7 from which it may be seen that in no instance 
were any disturbances of renal or hepatic function detected.® 

Miscellaneous studies: Despite careful questioning and repeated neurologic 
examinations, no evidence of excitation of the central nervous system was de- 
tected in any of the patients during the period of observation on the daily dose 
of 3.0 mg. per kg. of isonicotinic acid hydrazide. Vertigo and dizziness were uni- 
formly denied by all of the patients. 


Antituberculous Acitivity of the Cerebrospinal Fluid and Plasma of Patients 
Receiving Isonicotinic Acid Hydrazide 
Aliquots of cerebrospinal fluid and plasma were assayed both biologically 
(against H37Rv) and chemically. These values are compared in table 8. A com- 
parison of the values shows that a reasonable correlation existed between the 


TABLE 9 


CONCENTRATIONS OF IsonicoTiINic Acip HYDRAZIDE IN THE PLASMA AND CEREBROSPINAL 
Fiurp ArreR ORAL ADMINISTRATION 


| CEREBROSPINAL 
HOURS AFTER PLASMA CONCEN- | HOURS AFTER . 
sineeimeened LAST ORAL DOSE | | ast ORAL DOSE TRATION LAST ORAL DOSE a” 


me. per kg | meg. per ke. 
0.40 


Dem 


| 
| 


+ 
KF 


A. 
J. 

F. 
J. 

R. 
E. 
R. 
E. 
B. 


|S 


* Previously treated tuberculous meningitis; no evidence of activity for several months 
before present study. 
t Active tuberculous meningitis present at time of study. 


two methods of assay. Moreover, the findings indicated that isonicotinic acid 
hydrazide was absorbed and distributed in both plasma and cerebrospinal fluid 
in a biologically active state. Protein binding was apparently a minor considera- 
tion since activity against M. tuberculosis H37Rv was present in media con- 
taining either 18 per cent plasma or 0.5 per cent bovine albumin. 
DISCUSSION 

On the basis of the above observations, it appears that isonicotinic acid hy- 
drazide (Nydrazid) can be administered daily for periods of four to sixteen weeks 
to patients ill with pulmonary tuberculosis without evidence of serious toxic 
reactions. The daily dosage regimen (3.0 mg. per kg.) generally used in the pres- 
ent study was associated with plasma concentrations of the drug which are con- 


* Considerable variation of urea clearance has been noted from this laboratory with 
these and untreated patients and is ascribed to technical difficulties. 


mg. per ke. 
5t 0.50 
54 0.40 54 0.55 
34 0.55 
5 2.48 33 4.10 
6} 1.08 34 3.38 
6} | 0.61 34 | 1.77 
44 2.00 33 2.03 
4} 2.40 4 4.10 
44 1.42 4} 1.95 
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siderably above those calculated to have been present in the therapeutic studies 
in mice reported by Bernstein and his associates (1). Moreover, the plasma con- 
centrations of isonicotinic acid hydrazide attained in the present series of pa- 
tients (less than 4.0 y per ml.) were well below the drug concentration present in 
the dogs studied by Rubin and his associates (2) at the time evidences of toxicity 
developed. Finally, the biologic studies with plasma, cerebrospinal fluid, and 
tubercle bacilli in the present investigation indicate that the isonicotinic acid 
hydrazide distributed in the plasma and cerebrospinal fluid of man is present 
in an active form in terms of antituberculous activity in vitro. 

It appears, therefore, that from the standpoint of distribution, maintenance 
of antimicrobial activity, and short-term tolerance, isonicotinic acid hydrazide 
in man displays properties which are highly desirable in an antituberculous drug. 

The virtually complete absence of toxicity during a minimum period of four 
weeks (six weeks for 6 patients) of administration of isonicotinie acid hydrazide 
in approximately 3 mg. per kg. daily doses was an unexpected feature of the 
present study. It should be emphasized that this exceptionally good tolerance 
may well be deceptive. It is probable that instances of toxicity similar to those 
seen in dogs will be observed when the drug is administered at more frequent 
intervals, in a larger daily dosage, or for a longer period of time. In a few in- 
stances, much larger daily doses (10 to 15 mg. per kg.) were given for periods of 
only a few days without producing evidence of toxicity. Doses of this size, how- 
ever, are known to be within the toxic range on continued administration to dogs 
though they are considerably lower than the acute toxicity dose for this animal. 
As a consequence, the use of such large doses is not advisable in humans save 
in very special circumstances and with very close observation. 

It is well recognized that determinations of the concentration of a drug in the 
body fluids are seldom of value in the routine antimicrobial therapy of clinical 
infections. In the initial investigations of a new compound, however, such studies 
serve the purpose of providing a basis for the choice of dosage regimens. More- 
over, when, as in the present case, the drug in question represents one of a po- 
tentially large series of similar compounds, studies of the concentration of drug 
attained in the body permit ready comparison of various derivatives. The 
degree of correlation between the chemical and biologic methods for assaying 
isonicotinic acid hydrazide in body fluids was sufficiently close so that the latter 
method should prove satisfactory for most purposes. The H37Rv strain of M. 
tuberculosis was used in the bioassays in the present study. The susceptibility of 
BCG to isonicotinie acid hydrazide in vitro is identical to that of H37Rv, how- 
ever, and a method of bioassay with the use of BCG has been developed and will 
be published subsequently (10). 

The rapid attainment of high concentrations of isonicotinic acid hydrazide in 
the cerebrospinal fluid in the presence of tuberculous meningitis suggests that 
high concentrations are also present in the extracellular fluid of the brain fol- 
lowing oral administration of the drug. In the presence of meningitis, the cere- 
brospinal fluid concentrations of isonicotinie acid hydrazide represented 14 to 
65 times the concentration which completely inhibits H37Rv in vitro for a four- 
teen-day period. Such pharmacologic behavior of a drug in respect to the central 
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nervous system is not necessarily an indication of high therapeutic activity. 
Nevertheless, the finding was considered to be sufficiently promising to warrant 
extending the therapeutic studies to meningeal and miliary tuberculosis in cer- 
tain highly specialized circumstances.” 

Substantial gains in appetite and body weight, reduction in fever, and favorable 
roentgenographic changes have been observed in certain of the patients. The 
interpretation of these events has been clouded, however, by the facts that most 
of the group had been subjected to the appetite-reducing effects of PAS im- 
mediately before the period of study, and defervescence has not occurred with 
uniformity. Moreover, the period of observation has also been too short to 
permit clinical or bacteriologic observations of any consequence on the highly 
important question of whether drug-resistant tubercle bacilli emerge in sig- 
nificant numbers in patients who receive isonicotinic acid hydrazide on con- 
tinued administration. 

Thus, despite the demonstrably high antituberculous activity of isonicotinic 
acid hydrazide in animals and in the body fluids of man, it is not possible from 
the observations of the present study to make any positive statements concern- 
ing the effectiveness of this compound in the treatment of tuberculosis in hu- 
mans. 


SUMMARY 
Isonicotinic acid hydrazide (Nydrazid) was well tolerated in man in daily 
oral doses of 3.0 mg. per kg. for periods of four to sixteen weeks. The drug was 
rapidly absorbed and a high percentage was excreted in the urine during the 


twenty-four-hour period after ingestion. Appreciable concentrations of the drug 
were present in the cerebrospinal fluid within three hours of an oral dose of 2.0 
to 3.0 mg. per kg. in patients without meningitis. In patients with tuberculous 
meningitis, the concentrations of drug in the cerebrospinal fluid after oral ad- 
ministration were substantially higher than the concentration necessary to in- 
hibit M. tuberculosis H37Rv in vitro. 

The administration of isonicotinic acid hydrazide for the four- to sixteen-week 
period on the 3.0 mg. per kg. daily dose was not associated with any manifesta- 
tions of drug toxicity in any of the patients studied. It is probable that, with 
higher doses or more prolonged administration, evidences of toxicity may be 
encountered. 

The period of study has been too short to permit any statements concerning 
the possible emergence of drug-resistant strains of M. tuberculosis in the patients 
who have received the drug. 

Finally, though isonicotinic acid hydrazide possesses a high degree of activity 
against M. tuberculosis in animals and in the body fluids of man, it is not pos- 
sible from the present observations to make any positive statement concerning 
the therapeutic value of this compound in the treatment of tuberculosis. 

7 Five patients with meningeal tuberculosis and an additional 3 with miliary tuberculosis 
are under study as part of a joint investigation with Dr. Charles M. Clark (U.S.P.H.S.) 
of the Indian Medical Service, Western Navajo Hospital, Tuba City, Arizona. The results 
of this study will be published subsequently by Dr. Clark in association with the present 
writers. 
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SUMARIO 


La Absorcién, Excrecién y Toxicidad a Breve Plazo de la Hidracida del Acido Isonicotinico 
(Nydrazid) en el Hombre 


La hidracida del Acido isonicotinico (Nydrazid) parece ser bien tolerada en el hombre 
a dosis de 3.0 mg. por kg. de peso. Se absorbe bien y es excretada en la orina durante un 
perfodo de veinticuatro horas. Ademds, aparece en el liquido cefalorraquideo en concentra- 
ciones moderadas en término de tres horas de la administracién de una dosis oral de 2.0 


a 3.0 mg. por kg. de peso. Durante los cuatro meses del perfodo de observacién no ha habido 


signos de toxicidad potencialmente grave. 


RESUME 


Absorption, excrétion et lovicité a bréve échéance de l’hydrazide de l’acide isonicotinique 
(Nydrazid), chez l'homme 

L’hydrazide de l’acide isonicotinique (Nydrazid) parait bien tolérée chez l'homme A la 
dose de 3 mg. par kg. Elle est bien absorbée et est excrétée dans l’urine dans une période de 
vingt-quatre heures. De plus, elle apparait en concentration modérée dans le liquide cépha- 
lorachidien dans les trois heures qui suivent |’administration d’une dose orale de 24 3 mg. 
par kg. Pendant les quatre mois de la période d’observation, aucun signe d’un potentiel de 
toxicité marquée n’a été observé. 
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OBSERVATIONS ON THE ELECTROCARDIOGRAM IN SURGICALLY 
TREATED PULMONARY TUBERCULOSIS' 


VICTOR O. HERTZMAN anv ARNE K. MATHISEN 
(Received for publication November 26, 1951) 


INTRODUCTION 


With the increasing use of major surgical procedures in the treatment of pul- 
monary tuberculosis, new problems arise in evaluating the patient as a surgical 
risk. The recent major advances in our knowledge and application of pulmonary 
function tests and in the early detection of chest tumors have increased the 
scope of the thoracic surgeon and have complicated the assessment of such 
surgically treated cases subsequently. The surgeon rightly demands certain 
assurances with regard to the patient’s condition before he is able to undertake 
radical surgical measures. One of the major considerations in this respect is the 
state of the cardiovascular system. In addition, before a patient with pulmonary 
tuberculosis is offered major surgery, there is frequently a period during which he 
undergoes minor forms of collapse therapy. This fact, together with positional 
changes in the heart and mediastinum due to pulmonary fibrosis, pleural ef- 
fusions, or empyema, makes this evaluation a difficult one. This is particularly 
true as the patient approaches the age when degenerative cardiac disease is prone 
to occur. One of the important factors to be considered in the evaluation of 
cardiac status is the electrocardiogram, and this paper will deal largely with that 
subject. 

A great deal has been written on the electrocardiogram in pulmonary tuber- 
culosis, both with and without collapse therapy. The inconsistency of the findings 
and conclusions leaves the problem unresolved. The situation has been further 
complicated by changes in electrocardiographic technique and by the use of a 
greater number of exploring electrodes. 


METHOD 


In order to clarify this problem in the writers’ minds, a series of 68 cases ad- 
mitted to the Vancouver Division of Tuberculosis Control was studied. Twelve 
lead electrocardiograms were taken before institution of collapse or surgical 
therapy and were repeated several weeks or more after the procedure was per- 
formed. The three standard, three augmented unipolar, and six unipolar pre- 
cordial leads were employed. Each patient was examined clinically, and an in- 
spection was made of the chest roentgenograms in order to determine, in general 
terms, the anatomic position of the heart and mediastinum. 

The pulmonary tuberculosis ranged in severity from minimal to far advanced, 
with and without cavitation. In all cases the disease was classified as active. 
The types of therapy used in the 68 patients were as follows: thoracoplasty, 24 


! Presented to the British Columbia Society of Internal Medicine at their fall meeting, 
October 6, 1951, in Vancouver, British Columbia. 
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cases; pneumoperitoneum, 12 cases; lobectomy, 11 cases; pneumothorax, 10 
cases; pneumonectomy, 8 cases; and extrapleural pneumothorax, 3 cases. The 
electrocardiograms were classified broadly into three groups, normal, borderline, 
and abnormal, using the commonly accepted criteria of normality. The changes 
in electrical axis and precordial transitional zones were recorded. 


TABLE 1 


ELECTROCARDIOGRAPHIC ABNORMALITIES OBSERVED IN 11 or 68 PATIENTS WITH SURGICALLY 


PROCEDURE 


Left lobectomy 4 
cases 

Right 
cases 

Right 
tomy 2 cases 

Left pneumonectomy 
6 cases 

Left extrapleural 
pneu nothorax 2 
cases 

Right extrapleural 
pneumothorax 1 
case 

Pneumoperitoneum 


lobectomy 


pheumonec- 


12 cases 
Right pneumothorax 
6 cases 


Left pneumothorax 4 
cases 

Right thoracoplasty 
10 cases 

Left thoracoplasty 14 


cases 


Totals 


TREATED PuLMONARY TUBERCULOSIS 


CLASSIFICATION OF ELECTROCARDIOGRAMS 


Before 


Normal 


Normal 


Normal 
Abnormal 
Normal 
Borderline 
Normal 


Normal 


Normal 
Borderline 
Normal 


Normal 


Normal 
Abnormal 
Normal 
Abnormal 


Normal 
Abnormal 
Borderline 


11 
l 
6 


62 
5 


After 


Normal 
Abnormal 
Normal 


| Normal 
| 
Normal 


| 
Abnormal 
Normal 


| Normal 


Normal 


Normal 
Borderline 
Abnormal 
Normal 
Abnormal 
Normal 
Abnormal 
Normal 
Abnormal 


Abnormal 
Borderline 


RESULTS 


change 


CHANGES IN 
TRANSITIONAL ZONE 


CHANGES IN 
ELECTRICAL AXIS 
No fore More No Shift 

hori- | verti- 
zontal c 


Shift 


change right left 


A summary of the electrocardiographic abnormalities which were observed 
may be seen in table 1. 
Left lobectomy: One of the 4 patients in the left lobectomy group, a 22-year- 
old man with a clinically normal heart and blood pressure of 165 systolic and 80 
diastolic in mm. of mercury, had an abnormal electrocardiogram postoperatively. 


| | 
4 3 1 3 1 1 2 
| 
i 
1 1 1 2 
| 1 
5 5| 5 1 2 2 2 
2 2/1 1 1 1 
1} 1 1 
i2| 9 1 4 3 5 
1 
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4 3 1 1 1 1 
1 
, 9 9| 7 1 2 1 5 
1 1 
12 12; 8 3 1 2 8 
; — 2 2 
Normal 60 
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There was a shift of the transitional zone to the left, and T; and T,,:, previously 
upright, became sharply inverted. No change in electrical axis or roentgeno- 
graphic position of the heart was seen. 

Right lobectomy: In all 7 cases in the right lobectomy group, the electrocardio- 
grams obtained preoperatively and postoperatively were normal. 

Right pneumonectomy: The electrocardiogram in one of the 2 cases in this 
group improved postoperatively. A flat T; and VT, became normally upright. 
There was no change in electrical axis or transitional zone, although the roent- 
genogram revealed a mediastinal shift to the right. 

Left pneumonectomy: In this group of 6 cases, there was a change in one case. 
The abnormal preoperative electrocardiogram in this case of an 11-year-old 
boy showed right-axis deviation, depression of ST;,2, and inversion of VT), 2,3,«. 
Postoperatively, the roentgenogram revealed left mediastinal shift, and the 
electrical axis became more horizontal. The abnormal electrocardiogram showed 
a flat T,, inverted and depressed ST,y:. 

Right and left extrapleural pneumothorax: There were no abnormal tracings in 
the 3 patients with right or left extrapleural pneumothorax. 

Pneumoperitoneum: There was a minor change in only one of the 12 patients 
with pneumoperitoneum. Before institution of pneumoperitoneum in this case, 
T,; was low, and the electrocardiogram was classified as borderline. T; became 
normally upright after surgery. There was no change in the electrical axis. 

Right pneumothorax: Two of the 6 patients with right pneumothorax showed 
electrocardiographic changes after collapse therapy. In the first, the electrical 
axis shifted from an intermediate to a vertical position. There was no apparent 
positional change seen in the roentgenogram. The electrocardiogram, classified 
as borderline, showed deepening of 8, and flattening of T:. In the second case, 
the post-pneumothorax electrocardiogram showed a flat T;, low T2,3, and lowered 
precordial T-waves. There was no electrical axis shift. The tracing was classified 
as abnormal. 

Left pneumothorax: Of the 4 patients with left pneumothorax, only one showed 
changes following institution of the collapse procedure. In this patient there was 
a lowering of voltage in the precordial leads and lead I; T,; became almost flat. 
The electrical axis shifted from a semi-horizontal to a semi-vertical position. 
There was no obvious change on the roentgenograms in the position of the 
heart and mediastinum. 

Right thoracoplasty: One patient of the total of 10 patients with right thora- 
coplasty had an abnormal electrocardiogram before and after thoracoplasty. The 
surgical procedure apparently did not affect the low voltage which was present. 

Left thoracoplasty: There were electrocardiographic changes in 3 of the 14 
patients with left thoracoplasty. In the first of these, the preoperative tracing 
was abnormal (inverted T,); and after surgery, although there were minor 
changes, the tracing remained abnormal. In the second case, the preoperative 
tracing was abnormal (low T;, flat T:, inverted T;, and T,,;). Following leit 
thoracoplasty, the roentgenograms revealed a shift of the heart and mediastinum 
to the left. The electrical axis became more horizontal, and T,, T2, and Tavs 
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became upright. The electrocardiogram was interpreted as normal. In the third 
case, the electrocardiogram became abnormal following surgery, due to flattening 
of T. 

DISCUSSION 


The most important observation made in the present study is that the post- 
operative electrocardiograms were normal in the majority of cases. In 62 cases 
the electrocardiograms were classified as normal before surgery, and in 60 cases 
the tracings were considered to be normal after surgery. The conclusion is there- 
fore justified that, although minor changes may occur in the electrocardiogram, 
these changes, by and large, are not such as to cause a reclassification of the 
tracings as abnormal. This is not in agreement with the conclusion reached by 
other writers, particularly Rauchwerger and Erskine (1) who report abnormal 
electrocardiograms in 30 per cent of their patients following major chest surgery. 

In considering the effect of the different collapse and surgical procedures on the 
electrical axis of the electrocardiograms, again, in the majority of the present 
cases (42 cases), the electrical axis did not change. In contrast to these obser- 
vations, one group (4) reports a more horizontal axis in all of their cases of left 
pneumonectomy and in the majority of their cases of thoracoplasty (left and 
right) and right pneumonectomy. Pollak (6) records a vertical axis in the majority 
of her patients following pneumoperitoneum, while Weinshel and his group (4) 
report a more horizontal axis in all of their cases. The same discrepancy was 
noted in several recent series concerned with the electrocardiographic changes 
following pneumothorax (2, 3, 4). 

An analysis of the abnormal electrocardiograms may be seen in table 2. Of the 
total of 11 patients with electrocardiographic abnormalities at any time, 4 with 
normal tracings developed abnormal tracings after surgery (Cases 1, 5, 7, 10). 
One patient with a borderline tracing (Case 4) and 2 with definitely abnormal 
tracings (Cases 2 and 9) had normal electrocardiograms postoperatively. In 3 
patients, abnormal tracings (Cases 3, 8, 11) remained abnormal following surgery. 
The most striking finding is that in each of the 4 cases in which abnormalities 
appeared following collapse therapy, the abnormality was essentially the same, 
namely, flattening or inversion of T,, with or without low voltage. In each of 
these cases the electrical axis was semivertical or vertical. In one case in which 
the electrocardiogrsm became normal after left thoracoplasty (Case 9), the 
change was roughly the reverse of the above; that is, improvement in T; T2, 
with the assumption of a more horizontal electrical axis. 

Up to this point the present discussion has been concerned with recorded ob- 


servations; now, in attempting to explain these changes, it is necessary to indulge 
in speculation. Some of the possible explanations are as follows: 


I. Changes in myocardium due to: 
(a) collapse or surgical therapy 
(b) tuberculosis—‘‘toxins,”’ ‘‘bacterial invasion”’ 
(c) increased pressure in pulmonary circulation due to tuberculosis or pulmo- 
nary fibrosis 
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CASE 
NUMBER 


PROCEDURE 


Left upper lobec- 
tomy 


Right pneu- 
monectomy 


Left pneumonec- 
tomy 

Pneumoperi- 
toneum 


Right pneumo- 
thorax 

Right pneumo- 
thorax 

Left pneumo- 
thorax 

Right thoraco- 
plasty 

Left thoraco- 
plasty 


Left thoraco- 
plasty 
Left thoraco- 


CLASSIFICATION 
BEFORE SURGERY 


Normal 


Abnormal 


Abnormal 


Borderline 


Normal 


Normal 


Normal 


Abnormal 


Abnort 


Normal 


Abnormal 


TABLE 2 


Electrical axis 
Vertical un- 
changed 
Intermediate un- 
changed 
More horizontal 


Semi-vertical 
unchanged 
Semi-vertical 
unchanged 


More vertical 


More vertical 


More horizontal 


Vertical 


Semi-horizontal 
unchanged 


Transitional zone 
shift 


To the left 


None 


To the left 


To the left 


None 
To the left 


To the left 


To the right 


To the right 


ANALYSIS OF ABNORMAL AND BORDERLINE ELECTROCARDIOGRAMS 


Basis for classification as abnormal 


T, and became sharply 


inverted 


T, and flat preopera- 
tively, normally upright 
after surgery 

Ti flat, 
Tavi inverted 

T, low preoperatively, 
normal after pneumo- 
peritoneum 

T; flat, T:, Ts low 


depressed, 


Considered borderline, T; 
flat, 8, deeper, R.A.D. 
Lowered voltage QRS, and 
V leads, T, low 

Low voltage, before and 
after surgery 

Low T;, flat T:, inverted 
Tat became upright, 
normal ECG after 
surgery 

QRS, low voltage, T; flat 


T; inverted before surgery, 
T, diphasic, and VTs.« 
flat after surgery 


OTHER FINDINGS 


Blood pressure 
165/80, no medi- 
astinal shift 
Vertical heart 

Mediastinal shift 
to the right 


Mediastinal shift 
to the left 


No mediastinal 
shift 

No roentgeno- 
graphic change 

No roentgeno- 
graphic change 


Mediastinal shift 
to the left 


Blood pressure 
150/90, medias- 
tinal shift to the 
right 
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Myocardial damage unrelated to tuberculosis or collapse therapy: 
(a) coronary artery disease 
(b) severe anemia, et cetera 
Myocardium undamaged, changes due to the interposition of air between the 
thoracic contents and the exploring electrodes 
Changes in the anatomic and electrical axis of the heart 
’. Combination of the above. 


Bjorkman (9), in his very comprehensive review of the subject, concludes that 
tuberculosis produces direct myocardial damage (and electrocardiographic 
changes) in a manner analogous to that produced by rheumatic fever. It is 
difficult, in the present study of patients with collapse therapy, to ascribe the 
changes observed to direct myocardial involvement by tuberculosis; nor is it 
possible to invoke changes in the conducting medium (air) as an explanation for 
the observations, since in 2 of the 4 cases there was no air present. Coronary 
artery disease is uncommon in this young age group (22 through 32 years); and 
anemia, severe enough to produce electrocardiographic changes, was not a 
factor. 

Thus, two possibilities remain: (1) the electrocardiographic changes reflect 
pulmonary hypertension secondary to the underlying tuberculosis or to collapse 
therapy; or (2) the changes in the tracings reflect changes in the electrical and/or 
anatomic axis of the heart. 

As yet there is little in the literature on pulmonary vascular pressure in pul- 
monary tuberculosis and collapse therapy. This aspect, therefore, requires further 
study. There was no evidence of acute or chronic right heart strain in any of the 
cases in the present study. The common factor in all of the patients was the 
vertical or semi-vertical position of the heart. The abnormalities found in 3 of 
the cases were essentially an exaggeration to a pathologic degree of the changes 
which occur in vertical hearts, i.e., lowering of T,;. In one case (Case 9), with the 
assumption of a more horizontal electrical axis and mediastinal shift to the left, 
the electrocardiogram became normal following surgery (Ti, Ts, Tavs became 
upright). Therefore, in the present small series, it may be inferred that the 
changes when observed were essentially positional in origin. 

In evaluating patients, who have had collapse therapy, for further surgery, the 
electrocardiographic findings of low or flat T,, in the presence of a clinically 
normal, vertical heart, should not be considered as indicating myocardial 
damage. 

SUMMARY 


With the increasing use of major surgical measures in the treatment of pul- 
monary disease, difficulties in the evaluation of the patient as a subsequent 
surgical risk have been stressed. The differentiation of electrocardiographic 
changes due to intrinsic cardiac disease from those due to surgery itself is im- 
portant. 

A series of 68 patients undergoing collapse therapy of various types for pul- 
monary tuberculosis was studied before and after surgery. Eleven patients had 
electrocardiographic changes following surgery. In 2 cases the electrocardiogram, 
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previously abnormal, became normal following surgery. In 3 cases the abnormal 
electrocardiograms remained abnormal. In only 5 cases was the surgical pro- 
cedure followed by the first appearance of electrocardiographic abnormalities. 
In 4 of these cases the abnormalities were similar, i.e., low or flat T; associated 
with a semi-vertical or vertical electrical axis. 

There were no consistent transitional zone or electrical axis changes in any of 
the groups studied. 

The electrical position of the heart is particularly important in evaluating the 
electrocardiogram in patients who have had chest surgery. The value of multiple 
precordial and augmented unipolar limb leads in such cases has again been 
demonstrated. A plea is made for the use of twelve lead electrocardiograms in 


routine practice. 


SUMARIO 
Observaciones Electrocardiograficas en la Tuberculosis Pulmonar Tratada Quirirgicamente 


El empleo creciente de providencias de cirugifa mayor en el tratamiento de las neumo- 
patias acentda las dificultades encontradas después al justipreciar al enfermo como riesgo 
quirdrgico. Por eso, resulta importante diferenciar las alteraciones electrocardiograficas 
debidas a cardiopatia intrinseca, de las creadas por la cirugia misma. 

Una serie de 68 enfermos sometidos a colapsoterapia de varias formas por tuberculosis 
pulmonar fué estudiada antes y después de la operacién. Once enfermos mostraron altera- 
ciones electrocardiograficas consecutivamente a la operacién. En 2 casos, el electrocardio- 
grama, previamente anormal, se normalizé después de la cirugia. En 3, los electrocardio- 
gramas anormales continuaron siéndolo. Sdélo en 5 el procedimiento quirtrgico fué seguido de 
empeoramiento de electrocardiogramas normales. En 4 de estos casos la anomalia era 


semejante, o sea, hundimiento o aplanamiento de la T,, unido a eje eléctrico semivertical o 


vertical. 

En ninguno de los grupos estudiados hubo alteraciones constantes de la zona de transi- 
cién o del eje eléctrico. 

La posicién eléctrica del corazén reviste en particular importancia al estudiar el electro 
cardiograma en los enfermos sometidos a la cirugia tordcica. Queda de nuevo demostrado el 
valor de las derivaciones precordiales mdltiples y unipolares aumentadas en los miembros, 
en esos casos. Abégase por el empleo de electrocardiogramas en doce derivaciones en la 


practica corriente. 
RESUME 


Observations faites sur l’électrocardiogramme dans la tuberculose pulmonaire 
traitée chirurgicalement 


En raison de |’augmentation croissante de procédés de grande chirurgie dans le traite- 
ment des affections pulmonaires, |’auteur souligne les difficultés rencontrées dans |’évalu- 
ation du malade, en tant que risque opératoire. I] est important de différencier les modifica- 
tions de |’électrocardiogramme liées A une affection cardiaque intrinséque, de celles dues & 
la chirurgie elle-méme. 

Une série de 68 malades soumise A diverses formes de collapsothérapie, pour traitement 
de la tuberculose pulmonaire, a été étudiée avant et aprés |’intervention chirurgicale. 
Onze malades présentaient des modifications de |’électrocardiogramme aprés |’opération; 
dans 2 cas, |’électrocardiogramme, qui était anormal, est devenu normal aprés |’interven- 
tion chirurgicale. Dans 3 cas les électrocardiogrammes anormaux sont restés anormaux 
Dans 5 cas seulement |’intervention chirurgicale a été suivie de modifications pathologiques 
de |’électrocardiogramme normal. Dans 4 de ces cas les anomalies étaient semblables, c’est 


450 HERTZMAN AND MATHISEN 


& dire, que l’onde T était basse ou aplatie et associée A un axe électrique vertical ou semi- 
vertical. 

Il n’existait de zone de transition constante ou de modification de l’axe electrique dans 
aucun des groupes étudiés. 

La position électrique du coeur est particuliérement importante dans |’évaluation de 
l'électrocardiogramme chez les malades ayant été soumis a la chirurgie thoracique. La 
valeur des dérivations précordiales multiples et des dérivations unipolaires des membres, 
qui est augmentée dans les cas de ce genre, a été de nouveau démontrée. L’auteur insiste 
pour qu’il soit fait usage d’électrocardiogrammes A douze dérivations dans la pratique 
habituelle. 
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PREVALENCE OF PREVIOUSLY UNKNOWN TUBERCULOSIS IN PER- 
SONS NOT PARTICIPATING IN MASS CHEST 
ROENTGENOGRAPHIC SURVEYS' 


WM. T. PALCHANIS 
(Received for publication September 11, 1951) 


INTRODUCTION 


Is the prevalence of unknown? tuberculosis different among participants and 
nonparticipants in mass surveys? The answer to this question which has con- 
cerned tuberculosis workers for a long time is still not known. 

A recent contribution to the study of the question is that made by Comstock 
and Burke (1). They base their conclusions on a comparison of tuberculosis 
mortality rates. These workers found that: 


Tuberculosis mortality among the surveyed and nonsurveyed populations is 
not significantly different. Since part of the surveyed cases had treatment earlier 
in their disease than the nonsurveyed cases, their fatality may have been some- 
what decreased. This suggests that the nonsurveyed population had proportion- 
ately fewer cases of tuberculosis than the surveyed; and the fact that the death 
rate was not more markedly decreased cannot be explained on the basis of undis- 


covered cases alone 


A recent study conducted at the Ohio State University Student Health Service 


demonstrates a much greater prevalence of previously unknown tuberculosis 
among unsurveyed students in that institution. 

The number of previously unknown cases of active’ and inactivet tuberculosis 
found in 100 nonparticipating students at Ohio State University approximated 
ten times the number of comparable cases found in 100 survey participants at 
the same university. 


BACKGROUND AND METHOD OF STUDY 


At the Ohio State University Student Health Service, mass chest roentgeno- 
graphic and skin-testing surveys are conducted on new students at the beginning 
of each quarter. For various reasons, approximately 8 per cent of the new stu- 


' From the Ohio State University Student Health Service and the Department of Pre- 
ventive Medicine, Ohio State University Medical Schoo}, Columbus, Ohio. 

* The designation ‘“‘unknown’”’ tuberculosis used in this paper refers to any form of 
pulmonary tuberculosis which was unsuspected, undiagnosed, unreported, and unknown 
to anyone previous to its discovery in this study. 

* “Active” tuberculosis is used to designate characteristic pulmonary abnormalities 
observed on the chest roentgenogram associated with a positive cutaneous reaction to 
tuberculin, the presence of tubercle bacilli in the sputum or gastric contents, and recent 
symptoms. 

‘ “Inactive’’ tuberculosis is used to designate a stable pulmonary lesion associated with 
a positive cutaneous reaction to tuberculin, the absence of tubercle bacilli in repeated 
examinations of the sputum and gastric contents, and no symptoms. 
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dents do not participate in the regularly scheduled surveys. Therefore, for pur- 
poses of this study, every effort was made during the past two years to test the 
cutaneous reaction to tuberculin and to obtain chest roentgenograms on as many 


as possible of this nonparticipating or “‘straggler” group. 

The majority of this “straggler’’ group were brought for roentgenographic 
examination when the writer and his associates, seeing a student in the health 
service for other medical reasons, discovered that he or she had neglected to have 
a chest roentgenogram and skin test on entrance to the university. The remainder 
were reached by telephone, by postal card, or through their college offices, and 
were brought in more or less by compulsion. 


OUTLINE OF EXAMINATION PROCEDURES 


Participating or volunteer group: The initial roentgenographic examinations 
were made in the Ohio State Board of Health mobile units using the 70-milli- 
meter film. The interpretations were made by examiners in the Division of 
Tuberculosis of the Ohio State Board of Health and rechecked by the writer. 
Follow-up studies of all suspects were made by the writer, using 4- by 5-inch 
stereo and 14- by 17-inch films. 
straggler’ 


Nonparticipating or group: The 4- by 5-inch stereo film was used 
for the initial examination and the 14- by 17-inch film for the follow-up study of 
all suspects. All interpretations in this group were made by the writer. 
Cutaneous reactions: At the time of the initial chest roentgenographic ex- 
amination, skin tests were made which consisted of the intradermal injection of 
0.1 cc. of tuberculin (PPD) containing 0.0001 mg., and 0.1 ce. of histoplasmin 


(Lilly Antigen) in 1:1,000 dilution. When suspicious roentgenographic densities 


were noted in a person with a negative cutaneous reaction to tuberculin on the 
initial test, the 0.005 mg. dose of tuberculin (PPD) was used for follow-up study. 


OBSERVATIONS 


For the purposes of comparison and for better appreciation of the significance 
of the findings obtained in this study, the data pertaining to both groups are 
given in table 1. 

COMMENT 


It is an obvious and very human failing that results in the fact that all college 
students and the population in general do not participate universally in volun- 
tary mass roentgenographic programs when the opportunity affords. 

The present study was made to gain some knowledge of the prevalence of 
previously unknown tuberculosis in a group of students at Ohio State University 
who failed to participate in regularly scheduled mass chest roentgenographic 
surveys. 

In the participating or volunteer group of 10,232 students between the ages 
of eighteen and forty-two, there were 12 cases of previously unknown tubercu- 
losis, 3 active and 9 inactive, or one person with previously unknown tubercu- 
losis in every 852 persons examined (0.11 per cent 

In the nonparticipating or “straggler’’ group of 584 students between the 
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ages of eighteen and twenty-four, there were 7 cases of previously unknown tu- 
berculosis, 2 active and 5 inactive, or one person with previously unknown tu- 
berculosis in every 84 persons examined (1.19 per cent). 

The percentage of previously unknown tuberculosis found in the nonpartici- 
pating or “straggler” group of students at Ohio State University approximates 


TABLE 1 
PREVALENCE OF PREVIOUSLY UNKNOWN* TUBERCULOSIS IN A Group oF 584 CoLLEGE 
Srupents Dip Nor Participate IN REGULARLY ScHEDULED CHEST 
ROENTGENOGRAPHIC Surveys COMPARED A Group or 10,232 


PARTICIPATING OR NONPARTICIPATING OR 
IPS STU > 
as VOLUNTEER GROUP STRAGGLER GROUP 


Period of study June 1949 to June 1951 | June 1949 to June 1951 


Ages 18 to 42 18 to 24 


Total Per cent Total Per cent 


Number of students examined aa .| 10,232 100.00 3 100.00 


Number of students with activet tuberculosis 3 
Knownt 0 
Unknown* : 3 

Number of students with inactive§ tuberculosis 
Knownt 
Unknown* 


Total number of students with previously un- 
known * tuberculosis 12 


* The designation ‘‘unknown”’ tuberculosis refers to any form of pulmonary tubercu- 
losis which was unsuspected, undiagnosed, unreported, and unknown to anyone previous 
to its discovery in this study 

t The term ‘“‘known”’ tuberculosis refers to any form of pulmonary tuberculosis which 
has been diagnosed, reported, treated, and known to the student and others prior to this 
study. 

t ‘‘Active’’ tuberculosis is used to designate characteristic pulmonary abnormalities 
observed on the chest roentgenogram associated with a positive cutaneous reaction to 
tuberculin, the presence of tubercle bacilli in the sputum or gastric contents, and recent 
symptoms 

§ ‘‘Inactive’’ tuberculosis is used to designate a stable pulmonary lesion associated 
with a positive cutaneous reaction to tuberculin, the absence of tubercle bacilli in repeated 
examinations of the sputum and gastric contents, and no symptoms. 


ten times the percentage found in the participating or volunteer group at the 
same university. 

College and university students constitute a younger age group than the 
participants in the usual industrial or community survey. If these college student 
findings could be applied to other surveys, a startling possibility would present 
itself. 


Co.iece Strupents Dip 
0.029 2 0.34 
0.000 0 0.000 
0.029 2 0.34 
0.27 18 3.0 
0.18 13 2.2 
0.087 5 0.85 
| 
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Assuming that 500,000 persons participated in a mass chest roentgenographic 
survey conducted in a city of 550,000 population, it could be postulated that the 
number of unknown cases of tuberculosis in the 50,000 persons who did not 
participate in the survey would approximate the number found in the 500,000 
who did participate. It could thus be postulated that in such a study approxi- 
mately one-half of the unknown cases of tuberculosis would remain undiscovered 
unless the entire group of 50,000 nonparticipants were included in the program. 


SUMMARY 


The incidence of previously unknown tuberculosis among Ohio State Uni- 
versity students who did not participate in regularly scheduled mass chest roent- 
genographic surveys was relatively much greater than the incidence among the 


majority who did participate. 
If these findings have generality, they should be taken into consideration by 
survey workers in interpretations of mass chest roentgenographic surveys. 


SUMARIO 


Frecuencia de la Tuberculosis Desconocida en las Personas Que No Participan en la 
Encuestas Radiotordcicas Colectivas 

La incidencia de tuberculosis desconocida entre los estudiantes de la Universidad del 
Estado de Ohio que no participan en las encuestas radiograficas del térax llevadas a cabo 
con regularidad en la colectividad, es relativamente mucho mayor que entre la mayoria 
de los que participan en aquellas. 

Si esos hallazgos tienen aplicacién general, deben tomarlos en cuenta los técnicos de 
las encuestas al interpretar los resultados de las mismas. 


RESUME 


Prédominance de la tuberculose inapparente chez les individus non inclus dans les programmes 
d’ezamens radiologiques collectifs du poumon 


La fréquence de la tuberculose inapparente chez les étudiants de |’Université de |’Etat 
de Ohio, non inclus dans les investigations radiologiques périodiques, est relativement 
plus grande que celle qui est observée parmi la majorité incluse dans les investigations 

Si ces résultats se généralisaient, ils devraient étre pris en considérations par les sta 
tisticiens dans |’interprétation des résultats fournis par les investigations radiologiques 


des collectivités 
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TRACTION DIVERTICULA OF THE ESOPHAGUS IN MIDDLE 
LOBE SYNDROME 


HARRY L. KATZ 
(Received for publication November 26, 1951 


INTRODUCTION 
Middle lobe drome 


is characterized by a contraction of the middle lobe of 
the lung as a 


result of long-continued extrinsic pressure upon its bronchus by 
enlarged lymph nodes. In most instances the pathologic changes in these nodes 
represent residua of an old tuberculous infection. Many vears may elapse before 
symptoms relative to the bronchial obstruction become manifest 

Brock (1) stressed the predisposition of the middle lobe bronchus to « ompres 
sion and obstruction by enlarged hilar lymph nodes because of its anatomic 


characteristics. The middle lobe bronchus is a long and narrow structure with 


thin walls and is surrounded by lvmph nodes at its origin from the stem bron 
chus. These lvmph nodes drain the middle lobe, the right lower lobe, and, by 
retrograde drainage, the right upper lobe. Graham, Burford, and Mayer (2 
Paulson and Shaw (3), and Rubin and Rubin (4 


have described cases of middle 
lobe syndrome and have pre sented the essential clinical, pathologic 


‘and roent 
genographic features in this disease entity 


Phe symptoms ol middle lobe svndrome are those 


ustunlly related to bronchial 
obstruction and bronchiectasis 


as manite sted mtermittent hemopt vses rt 
current episodes of pneumonitis, chronic cougl chest) pan dyspnea latig 
abilitv. and wheezing 


Che main roent ind pathologic chang n the svndrome cor 


Complete roentgenographic study for clear delineation of the nature and extent 


ement should include (in addition to the conventional 
postero-anterior view, right lateral and lordotic 


lateral tomograms, bronchography, and 


of the middle lobe 


anteroposterior and right 


an esophagram. The bronchogram 


usually reveals complete or partial stenosis of the main or segmental branches of 


the middle lobe bronchus, bronchiectatic changes, irregularity or crowding of the 


bronchi consistent th fibrosis, and shrink we ol the lobe 


is Admit stra 


}) Atelectasis, f ng degres ges in the pu 
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Phe fact that bron hopulmonary disease can produce displacemet t and re 
traction of the adjacent mediastinal structures is well known Nevertheless, the 
association of middle lobe svndrome with localized retractions and diverticula of 
the esophagus has not been previously described in the literature. Advances in 
thoracic surgery have increased the indications for surgical intervention in 
pulmonary cliseuse Preoperative recognition of the presence Of ath asso inted 
esophageal diverticulum is essential, since it may be unexpectedly encountered 

operation. The walls of the esophageal diverticulum may be firmly matted 
together itl diseased bronchus, middle lobe, and Ivmph nodes, thus ex 
posing it to accidental surgical trauma unless its presence has been demon 


strated prior to operation. In addition, if the diverticulum is large and symptom 


produ ng. consideration should be given to its correctior when resection of the 


middle lobe is performed 


ise reports serve to illustrate the a of 


esophagus vith chronic pulmon: nt middle 


ie 8 
! hating from maht to! delle ure 
! ‘ fic cdlensities e present within the ght | ul 
gular contracted middle he; the | ell vis 
iy 
(Ast REPORTS 
1 ‘ int mucopurulent sputum, exertior lvs nd reeur 
‘ eu sodes invo we the ght lung. The essent phvs lings wer 
hie is membranes, gene ed rhonehi throughou th lung 
ect ys ere consistent with mel ent eu ‘ nee 
eo. The t s per cent of rl ithe eatl 
‘ ite. There were 1 | s relating tf esophagus 
is sputum filled the moddle med right ‘ ne} 
tree. C} entge figures and B) showed egular infilts idiating 
hie regis contracted middle lobe, | irgement 
hese les. Bronchograpt figure ndicated ila 
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chiectasis and erowding of the bronchial segments within the shrunken and fibrotie middle 
obe. An esophagram (figure 1D) revealed a saccular diverticulum arising from the mght 
interolateral wall of the mid-esophagus in close association with the hilar lymph nodes and 


middle lobe bronchus 


Case \ 63-vear-old white male had complaints of cough productive of mucopurulent 
sputum, frequent respiratory infections, and several small hemoptyses of bright red blood 
or the past five vears. The chest was emphysematous in contour, and expiratory rhonchi 
were audible bilatera 

The electrocardiogram showed low voltage of the ventricular complexes in all leads 
Pulmonary function tests showed a marked impairment in ventilation There were no dvs 
phagia or other symptoms suggesting disease of the esophagus. bronchoscopic examination 


d hyvperemi d granulation tissue in 1 ight middle lobe bronchus. A chest 


Bre rio ter ar be ind crowding of 


meh 
D. Ksophagrar ert umint } nreg of right hilar lympl 


rouping at 


ous membran 


figure 3A rowed considerable 


ithons it ght hilum 


the middle 


> : 
{ 
} 
: 
4 
|): 
les and middle lobe nehus 
entgenog! figure 2A) showed al egular fibrotic densit to the right card 
le ne eit 1 ! e | regions The lateral view figure 2B) revealed 
shrunken right middle e. Bronchograpt figure 2C) indieated close 
mechial segments i termination of the bronchi. as well as saccular ‘ 
roncehrectat the tibrotie and shrunken middle ol An esopl wral 
figure 2JI)) showed pouch-like diverticulum in the mid-esophagus at the 
‘ ‘ thw ile ‘ is 
( \ 55-ve white e was lmitted to the hospital with complaints of 
luctive cougl ‘ luratior right chest pain, and recurrent episodes of 
nve othe ght lung. He had mild postprand substernal and epigastrie 
ecrepitant es hie gl ise Phe eleetroeardiogram showed pattern of left ve 
tricular strait | entrieular conduction defeet. Bronchoseopiec examination 
showed the lumet the idle lobe bronchus to be slitlike and the muco__mmmrane to 
lepression of the ho fissure. In the right lateral view (figure 3B), EEE lob 
\ 


reveales 


t fill with the 


ingular 
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ppeared consolid i triangular in shape. Bronchograp! figure 3¢ the 
odized (n esophag figure 31D) showed the presence of a large and tr 
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Expirateo lille t both bases. Bronchoscopy revealed the mucous men 
brane of the middle lobe bronchus t« hyperemic and indurated; tenacious mucoid exudate 
was present in tl umen. A mucosal biopsy showed chronic 
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An esophagra i large saccular diverticulum in the mid-esophagus tn 
close proximit ‘ nod ind middle lobe bronchus. Sever mall finger-like pro 
jections f1 ! the esophagus were present 


verticulur 


gave uv history of right chest pau 


meumonic episodes involving the 


infiltration in region of middle lobe: caleifieations are present 


w;a dense and shrunken middle lobe 
cluster of calcified lymph nodes surround the middle lobe bronchus 
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DISCUSSION 


dence ot esophageal diverticula in middle lobe svndrome is unknow: 


robablv 1 rare The ») preset t cnses were found in series of IS 


middle lobe syndrome who had esophageal studies 

>), Adams (6), and Lahey (7) have observed traction diverticula in 

esophagus arious Inflammatory conditions olving the 


most commonly in patients with tuberculous mediastinal 
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figure SE) reve part stenosis of the middle lobe chus with lack of f g of the 
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Symptoms incident to the diverticulum are usually absent or minimal in 
degree. Retrosternal and epigastric discomfort attributable to the diverticulum 
was present in only one case in this study. Occasionally, however, angulation, 
obstruction, and ulceration of the esophagus may occur. 

Sturtevant, Shapiro, and Wallace (9) cited instances of perforation of eso- 
phageal diverticula by calcified hilar lymph nodes. Jenkinson and Bate (10) 
and Melamed and Zimmerman (11) have described cases with perforation of the 
diverticulum into a bronchus with the formation of esophagobronchial fistula. 

The presence of diverticula may be overlooked if the examination of the esoph- 
agus is not satisfactorily performed. The esophagus should be fully distended 
with a thick barium mixture and the roentgenograms should be taken with the 
patient in the recumbent position. In the standing position the barium may trav- 
erse the esophacus without entering the diverticulum, or it may remain in the 
pouch for a short time due to its rapid emptying. 

Previous writers have emphasized the characteristic features of middle lobe 
disease including its symptomatology, roentgenographic, bronchoscopic, and 
bronchographic findings. The distortion and retraction of the mid-esophagus with 
formation of traction diverticula should be considered as part of the pattern of 
this disease entity. 


SUMMARY 


Five cases with traction diverticula of the mid-esophagus in association with 
chronic middle lobe disease have been presented. 


Esophageal diverticula should be considered as part of the essential anatomic 
and roentgenographic pattern of middle lobe syndrome. 


SUMARIO 
Los Diverticulos de Traccién del Eséfago en el Sindrome del Lébulo Medio 


Preséntanse 5 casos de diverticulo de traccién del mesoeséfago, unidos a enfermedad 
cfonica del l6bulo medio 

Los diverticulos esofagicos deben ser considerados como parte del patrén anatémico y 
radiogréfico fundamental del sindrome del lé6bulo medio. 


RESUME 
Diverticules de l’oesophage, par traction, dans le syndrome du lobe moyen 


Présentation de cing cas de diverticules de |’oesophage moyen, par traction, associés a 
une affection chronique du lobe moyen 

Les diverticules oesophagiens doivent étre considérés comme faisant partie du type 
anatomique et radiologique fondamental du syndrome du lobe moyen. 
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SPIROMETRIC STUDIES IN PNEUMOPERITONEUM!?:? 
GEORGE C. LEINER ano SOL ABRAMOWITZ 
(Received for publication December 5. 1951) 


INTRODUCTION 


The therapeutic effect of pneumoperitoneum in pulmonary tuberculosis has 
been widely recognized in the last few years and its use has greatly increased. 
Despite this widespread use of the procedure, however, only a few studies on the 
effect of pneumoperitoneum on pulmonary function have been made. Bennett (1) 
found a drop in vital capacity immediately following the institution of pneumo- 
peritoneum. The vital capacity was unchanged in 20 per cent and was increased 
in 25 per cent of those examined at various times following the established pneu- 
moperitoneum. Steinlin (2) observed improvement in pulmonary functions when 
pneumoperitoneum was induced in the presence of an artificial phrenic paralysis. 
Banyai (3) summarizes his functional studies: 


My experience has revealed a reduction of the vital capacity in 76.9 per cent of 
the cases after the first treatment. The average decrease has been 12.5 per cent. 
Determination of the vital capacity during the course of pneumoperitoneum 
treatment has shown an average decrease of 14.7 per cent in the group under 
my observation. 


Wright and co-workers (4) studied the effect of the fully established pneumo- 
peritoneum in the erect and in the recumbent positions. They found a marked 
reduction of the functional residual air, residual air, and total lung volume, and 
a slight reduction of the maximum breathing capacity. 

Functional effects of pneumoperitoneum used in the treatment of pulmonary 
emphysema were reported by Gaensler and Carter (5). Pulmonary function was 
improved as manifested by an increase in vital capacity, maximum breathing 
capacity, breathing reserve, and a reduction in residual air and ventilatory equiv- 
alent. Further functional improvement was found when one patient was re- 
studied 94 days, and a second 167 days, after beginning treatment. 

In the present investigation the pulmonary function of patients with pul- 
monary tuberculosis was studied before and after induction of pneumoperi- 


toneum. 


MATERIALS AND METHODS 
The spirometric method used was closely similar to that described by Cournand, Rich- 


ards, and Darling (6 


! From the Pulmonary Physiology Laboratory, Halloran Veterans Administration Hos- 


pital, Staten Island, New York. 

2 Sponsored by the Veterans Administration and published with approval of the Chief 
Medical Director. The statements and conclusions published by the authors are a result of 
their own study and do not necessarily reflect opinion or policy of the Veterans Adminis- 
tration. 
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Spirometry was always done under basal conditions. The patient was examined in the 

morning, without breakfast, resting on a stretcher. 
The data which were determined were 

Oxygen intake per minute 

Basal metabolic rate 

Minute volume of respiration, that is, the amount of air ventilated in one minute 

Tidal air 

Respiratory rate 

Ventilation equivalent for oxygen, that is, the amount of air in liters which a person 

ventilates in order to take up 100 cc. of oxygen 

The data were obtained under two conditions: first, when the patient was breathing air 

and, then, when he was breathing pure oxygen. Patients with significant degrees of anox- 
emia absorb more oxygen when breathing pure oxygen than when breathing air; an oxygen 
deficit exists. In the patients who underwent collapse therapy, the two sets of data were 
virtually the same and therefore only the figures determined under oxygen breathing will 
be presented. In addition, the following determinations were made: 

Vital capacity 

Reserve air 

Complementary air 

Maximum breathing capacity 

The factor mazimum breatha: pacity /minute volume, which we call ventilatory 


reserve. 
RESULTS 

Pulmonary function was studied in 16 male patients with pulmonary tubercu- 
losis before and after induction of pneumoperitoneum. No patient had phrenic 
paralysis at the time of receiving pneumoperitoneum. The first examination was 
performed a few days before collapse therapy was started; the subsequent ex- 
aminations, one to thirteen months after pneumoperitoneum induction (table 1). 
Of the 16 patients, 10 had one examination after induction; 5 patients, after one 
month with pneumoperitoneum; 4 patients, after two months with pneumoperi- 
toneum ; and one patient, after six months with pneumoperitoneum. Six patients 
had serial determinations; 4 patients had two examinations after induction of 
pneumoperitoneum; and 2 patients had 3 examinations after induction of pneumo- 
peritoneum. 

Twenty-one of the 24 examinations were done one to six months after induc- 
tion of the pneumoperitoneum. 

In evaluating the functional results, it was convenient to divide the examina- 
tions into three groups: (A) examinations done one to three months after induc- 
tion of pneumoperitoneum; (B) examinations done four to six months after in- 
duction of pneumoperitoneum; (C) serial determinations. 

Group A (examined one to threemonths after induction of pneumoperitoneum) : The 
spirometric findings before, and one to three months after, induction of pneumo- 
peritoneum are shown in table 2. There were 13 patients in this group. In table 3 
the mean, maximum, and minimum values before and after induction of pneumo- 
peritoneum are given. In table 4 the frequency with which the changes occurred 
is indicated. Differences of less than 10 per cent between figures before and after 
induction of pneumoperitoneum are classed as unchanged. 
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Oxygen intake and basal metabolic rate decreased slightly in the mean but re- 
mained unchanged in the majority of the cases. The minute volume and tidal air 
showed a tendency to increase, the respiratory rate remained unchanged. The 
ventilation equivalent showed a slight tendency to increase. The vital capacity 
remained unchanged in the majority of the cases. Its mean decreased by only 6 
per cent. The reserve air and complemental air tended to decrease. From table 
5 it can be seen that the tidal air was a larger portion of the vital capacity after 
induction of pneumoperitoneum than before, whereas reserve air and comple- 
mental air were relatively smaller. 

The maximum breathing capacity (table 3) showed a decrease of the mean 
by only 3 per cent. The factor maximum breathing capacity /minute volume showed 
a more definite tendency to decrease; its mean dropped by 12 per cent. In a few 


TABLE 1 


INTERVALS Berween INDUCTION OF PNEUMOPERITONEUM AND RE-EXAMINATIONS 


NUMBER OF MONTHS BETWEEN PNEUMOPERITONEUM INDUCTION AND 
RE-EXAMINATION 


10 
11 
12 
13 
14 
15 


16 


No patient had phrenic paralysis at the time of receiving pneumoperitoneum 


cases there was an increase in maximum breathing capacity and in maximum 
breathing capacity /minute volume. 

Group B (examined four to six months after induction of pneumoperitoneum): 
The spirometric findings before, and four to six months after, induction of pneu- 
moperitoneum are shown in table 6. There were 8 patients in this group. In table 
7 are presented the mean, maximum, and minimum values before and after in- 
duction of pneumoperitoneum. In table 8 is indicated the frequency with which 
the changes occurred. 

Oxygen intake and basal metabolic rate decreased slightly in the mean but 
remained unchanged in the majority of the cases. The minute volume showed a 
tendency to increase. As the respiratory rate decreased at the same time, the 
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average tidal air increased (by 17 per cent). The ventilation equivalent showed 
a slight tendency to increase. The vital capacity remained unchanged in the 
majority of the cases; it increased in one case. Its mean remained practically the 
same. The reserve air tended to decrease ; the complemental air showed a tendency 


TABLE 3 
Group A (Examinep ONE To Montus Arter INDUCTION OF PNEUMOPERITONEUM). 
SprRoMETRY Berore anp ArrerR INDUCTION OF PNEUMOPERITONEUM 


Mean, Maximum, and Minimum Data 
MEAN HIGHEST LOWEST 


Before After Before After Before After 


Oxygen intake in ce : : 336 300 199 196 
Basal metabolic rate in per cent +32 +25 —20 —17 
Minute volume in cc , ,0% 10,620 12,800 4,630 | 4,630 
Tidal air in ce 1,120 1,186 369 434 
Respirations per minute : 20 21 5 


Ventilation equivalent in liters : : 2.9 : 1.2 
Vital capacity in ce 2,940 | 5,270 1,910 
Reserve air in cc 810 662 1,244 390 
Complemental air in ec 1,810 1,693 3,361 168 
Maximum breathing capacity in liters 91.8 | 88.8 153.6 52.7 
Maximum breathing capacity 7 aa 
16.1 14.1 27.7 
Minute volume 


TABLE 4 
Group A (Examinep One To Turee Montus Arter INDUCTION OF PNEUMOPERITONEUM) 
CuaNnGces 1n Totat Lune Function Causep By PNEUMOPERITONEUM 


INCREASED UNCHANGED DECREASED 


Oxygen intake 

Basal metabolic rate 
Minute volume 

Tidal air 

Respirations per minute 
Ventilation equivalent 
Vital capacity 

Reserve air 


Complemental air 
Maximum breathing capacity 
Maximum breathing capacity 


Minute volume 


to increase. The data presented in table 9 reveal that tidal air and complemental 
air increased slightly in their relation to vital capacity, whereas the reserve air 
showed a relative decrease. 

The maximum breathing capacity (table 7) remained unchanged. With the 
maximum breathing capacity remaining unchanged and the minute volume 
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slightly increasing, there was a tendency of the ventilatory reserve to decrease (8 
per cent) in the mean. 

Group C (serial determinations): Repeated spirometric examinations at various 
intervals after induction of pneumoperitoneum were done in 6 patients. The 
findings are presented in table 10. 

A slight decrease of oxygen intake and basal metabolic rate was noted in most 
examinations after induction of the pneumoperitoneum. The minute volume, 
which increased first, later showed a tendency to decrease and to approach the 
original value. The respiratory rate tended to decrease, and the tidal air to in- 
crease, consequently. The ventilation equivalent was increased in the earlier ex- 
aminations, less so in the later ones. The vital capacity did not show any signifi- 
cant changes. The reserve air decreased and remained diminished. The comple- 
mentary air showed irregular increases and decreases. 


TABLE 5 
Group A (EXAMINED ONE TO THREE Montus AFTER INDUCTION OF PNEUMOPERITONEUM). 
MEANS OF OF ViTaL Capacity IN Per Cent oF Vitat Capacity 
BEFORE AND AFTER INDUCTION OF PNEUMOPERITONEUM 


TIDAL AIR is COMPLEMENTAL AIR 


Mean 
before 
after 

Highest 
before 
after 

Lowest 
before 


The maximum breathing capacity did not change in any characteristic way; 
there were irregular increases and decreases. The ventilatory reserve usually 
dropped first; later it tended to reach the original value. 


DISCUSSION 

Pneumoperitoneum used in the treatment of pulmonary tuberculosis has very 
little effect on pulmonary functions, as shown by the above studies. 

Oxygen intake and basal metabolic rate decreased slightly, similar to the find- 
ings in other forms of collapse therapy (7). Minute volume and tidal air showed 
a tendency to increase in the first few months but returned later to the pretreat- 
ment levels. The ventilation equivalent increased slightly as it does under pneu- 
mothorax (8) and thoracoplasty (9). 

The vital capacity did not show any significant changes. This finding contrasts 
with the results of similar studies in pneumothorax and thoracoplasty (8, 9) in 
which definite decreases of the vital capacity were found. There was an increase 
of tidal air in percentage of vital capacity. This was a consequence of an absolute 
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increase of the tidal air in the presence of a decrease of reserve air and comple- 
mental air. 
TABLE 6 
Group B (Examinep Four to 81x Montus Arrer INpucTION OF PNEUMOPERITONEUM). 
Sprrometry Berore anv Arrer INDUCTION OF PNEUMOPERITONEUM 


Patient number 
Age 


Interval before and after, months 


Oxygen intake in ce 

before 

after 
Basal metabolic rate in per cent 

before 4 7 

after —19 —6 
Minute volume in cc 

before 5. 5.7 600 6, 270 4,740 

after 0 6, 5,5 ‘ 970 6, 150 5, 280 
‘jdal air in ee 

before ‘ 336 «636 1120 419 431 

after : 397 > 687 994 440 660 
Respirations per minute 

before 3 15 ll 


after 
Ventilation equivalent in liters 
before 3.3 2.3 2.5 1.8 


after 2.0 


Vital capacity in ec 
before 2,090 2, 2, 2,570 3,220 1,910 2,900 3,650 
after 2,090 2,550 2,510 2,990 3,030 1,870 2,650 3,710 
teserve air in cc 
before 98 705 705 456 390 6221,2441,182 
after 33: 98 435 643 435 5601,057 995 
Complementary air in cc 
before 220 1 429 1,750 2,336 168 1,237,2,037 
after , 286 1,609 1,678 1,9311,908 3161,1562,055 
Maximum breathing capacity in liters 
before 3 80.4 } 7 94.3 62.6 52 30.6 
after 76.2 78.: 46 7 
Maximum breathing capacity 


Minute volume 
before 2 10 3 15 9g 11 2 S 4 27 
after 9.6 .1 10.0 12.8 11.0 7.6 28 


The maximum breathing capacity remained unchanged. The ventilatory re- 
serve (maximum breathing capacity/minute volume) dropped first (but less than 
under pneumothorax and thoracoplasty (8, 9)) and gradually returned to the 
original values. 

These observations show that pneumoperitoneum does not interfere with pul- 
monary functions under basal conditions. The functional changes are much less 
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26 $7 $$ 43 35 
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TABLE 7 


Group B (Examinep Four to Six Montus Arter INpucTION OF PNEUMOPERITONEUM). 


Sprrometry Berore anv Arter INDUCTION 


Mean, Maximum, and Minimum 


MEAN 


Before 


240 
+3 
5,760 
411 
14 
2.2 
2,660 
715 
1,534 


79.2 


Oxygen intake in cc 

Basal metabolic rate in per cent 

Minute volume in cc 

Tidal air in ce 

Respirations per minute 

Ventilation equivalent in liters 

Vital capacity in ce 

Reserve air in ce 

Complemental air in c« 

Maximum breathing capacity in liters 

Maximum breathing capacity 
Minute volume 


TABLE 8 


Group B 


CuanGes Tora, Luna Function Causep 


INCREASED 


0 
0 


Oxygen intake 

Basal metabolic rate 

Minute volume 

Tidal air 

Respirations per minute 

Ventilation equivalent 

Vital capacity 

Reserve air 

Complemental air 

Maximum breathing capacity 

Maximum breathing capacity 
Minute volume 


TABLE 9 
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6,020 
502 
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2.4 


BY 


UNCHANGED 


6 
5 
3 
l 
3 
3 
l 
$ 
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After 


231 


PNEUMOPERITONEUM 


LOWEST 


Before After 


193 
—19 
4,970 
416 

5 
2.0 
1,870 
390 332 
168 316 
52.7 4.9 


199 
—20 
4,740 
336 

5 

1.2 
1,910 
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EXAMINED Four To Six Montus Arter INpUCTION OF PNEUMOPERITONEUM). 
PNEUMOPERITONEUM 


DECREASED 


acc 


Group B (Examinep Four To Six Montus Arter INDUCTION OF PNEUMOPERITONEUM). 


Means Or Suppivisions or Capacity 


Berort 


TIDAL AIR 


Mean 
before 
after 

Highest 
bef« 
after 


re 


Lowest 
before 
after 


In P 


ER CENT OF 


RESERVE Ale 


AND AFTER INDUCTION OF PNEUMOPERITONEUM 


Virat Capacity 


MPLEMENTAL 


4 
| 
+10 
7,280 7,080 
1,120 994 
| 20 17 
|| 2.9 3.1 
2,680 3,650 3,710 
619 | 1,244 1,057 
1,559 2,336 2,055 
78.0 130.6 149.7 
14.2 13.1 27.7 28.4 8.4 7.8 
| 
4 
6 
0 
3 l 
| 2 
0 5 | 
21 28 51 
23 23 54 
59 43 73 
53 4) 67 
14 14 17 
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extensive than the changes caused by artificial pneumothorax or thoracoplasty. 
Wright, Place, and Princi (4) point out that the slight reduction of the maximum 
breathing capacity ‘‘that results from pneumoperitoneum, together with the fact 
that it is a reversible form of treatment, makes it possible to use this form of col- 
lapse therapy in cases of severe respiratory crippling.’’ Clinical experience has 
shown that pneumoperitoneum can be given to patients who, because of poor 
pulmonary functions, could not tolerate a pneumothorax. 


SUMMARY 


Pulmonary function studies were done in 16 patients with pulmonary tubercu- 
losis before, and one to thirteen months after, induction of pneumoperitoneum. 

One to three months after pneumoperitoneum induction, the mean values 
showed the following behavior: There was a slight decrease of the oxygen intake 
and basal metabolic rate; a slight increase of minute volume and tidal air, with 
an unchanged respiratory rate; a slight increase of the ventilation equivalent; a 
slight decrease of vital capacity, reserve air, and complemental air; a slight de- 
crease of the maximum breathing capacity; and a decrease of the ventilatory 
reserve. 

Four to six months after pneumoperitoneum induction, the changes were less 
marked than they were one to three months after induction. Repeated studies 
done in the same patients showed that all values tended to return to pretreat- 
ment levels. 

The effects of artificial pneumoperitoneum on lung functions are very small, 
much Jess extensive than the effects of pneumothorax and thoracoplasty. 


SUMARIO 
Estudios Espirémetricos en el Neumoperitoneo 


En 16 tuberculosos pulmonares ejecutdéronse estudios de la funcién pulmonar antes y de 
uno a trece meses después de inducir el neumoperitoneo. 

De uno a tres meses después de la induccién del neumoperitoneo, las cifras medias re 
velaron lo siguiente. Habia ligera disminucién de la inspiracién de oxigeno y del coeficiente 
del metabolismo basal; leve aumento del volumen de aire por minuto y del aire corriente, 
sin cambio de la frecuencia respiratoria; leve aumento de! equivalente ventilatorio; leve 
disminucién de la capacidad vital, del aire de reserva y del aire complementario; leve 
disminucién de la capacidad respiratoria m&xima, y disminucién de la reserva respiratoria. 

De cuatro a seis meses después de la induccién del neumoperitoneo, las alteraciones eran 
menos pronunciadas que de uno a tres meses después de la misma. Estudios repetidos veri 
ficados en los mismos enfermos mostraron que todos los valores tendian a volver a las 
cifras pretratamiento 

Los efectos del neumoperitoneo terapéutico sobre las funciones pulmonares son peque- 
fiisimos, mucho menos extensos que los del neumotérax o de la toracoplastia. 


RESUME 
Etudes spirométriques dans le pneumopéritoine 


Des recherches sur la fonction pulmonaire ont été faites chez 16 malades atteints de 
tuberculose pulmonaire, d’abord avant la création d’un pneumopéritoine puis ensuite de 


un A treize mois aprés 
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Un A trois mois aprés la création du pneumop¢ritoine, les valeurs moyennes ont présenté 
les aspects suivants: légére diminution de la consommation d’oxygéne et du taux du 
métabolisme basal; légére augmentation du volume d’air par minute et de |’air de ventila- 
tion sans modification du taux respiratoire; une légére augmentation de |’équivalent de 
ventilation; une légére diminution de la capacité vitale, air de réserve et air complé- 


mentaire; une légére diminution de la capacité respiratoire maxima et une diminution 


de la réserve de ventilation 

Quatre a six mois aprés |’instauration du pneumopéritoine, les changements étaient 
moins marqués que un A trois mois aprés la création du pneumopéritoine. Des études ré- 
pétées, effectuées chez les mémes malades, montraient que toutes les valeurs tendent a 


retourner au niveau précédant le traitement 
Les effets du pneumopéritoine artificiel sur la fonction pulmonaire sont trés faibles, 
saucoup moins étendus que les effets produits par le pneumothorax et la thoracoplastie 
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CORRELATION OF BIOLOGIC PROPERTIES OF STRAINS OF MYCO- 
BACTERIUM WITH THEIR INFRARED SPECTRUMS':’ 


Il. The Differentiation of Two Strains, H37Rv and H37Ra, of M. Tuberculosis by Means 
of Their Infrared Spectrums 


HARRISON M. RANDALL, DONALD W. SMITH, anv W. J. NUNGESTER 
(Received for publication November 23, 1951) 


INTRODUCTION 


In a preceding paper (1) it was demonstrated that with sufficiently stand- 
ardized procedures it was possible to obtain fractions of M. tuberculosis of such 
constant chemical content that the infrared spectrums were consistent for any 
given fraction. Moreover, the various fractions differed enough from each other 
to permit spectroscopic differentiation of the fractions. 

The present investigation has as its purpose the establishment of the spectro- 
scopic differentiation of two strains, namely, H37Rv and H37Ra. 


MATERIALS AND METHODS 


The same standardized method of inoculation, growth, and harvesting of the cultures 
was used as in the earlier work, but the fractionations were somewhat different. The pro- 
cedures indicated by the accompanying flow diagram were employed. The fractionation 
was carried out in triplicate, starting with three approximately equal masses of bacilli. The 
harvested bacteria from seven culture flasks were combined to give the material for each 
of the triplicate sets of fractions. When the extractions indicated in the diagram were 
made, four fractions were obtained in triplicate from each of the two strains, namely, those 
numbered 2, 4, 6, and 8. The infrared spectrums of these triplicate fractions will show how 
well the H37Rv and H37Ra fractions have been reproduced. From the four different frac- 
tions it may be possible to choose one which will serve better than the others for spectro- 
scopic differentiation of the H37Rv from the H37Ra strain. These two strains* were chosen 
since the avirulent strain H37Ra was originally derived from the virulent H37Rv strain, 
and differences in composition, as indicated by the infrared spectrums, could possibly be 
related to this biologic variation. 

These fractionations have been carried out in their entirety on two different occasions 
approximately six weeks apart. The first time the fractionation was done there was only 
enough culture material for duplicate samples of H37Rv and for just one sample of each of 
the H37Ra fractions. As the flow diagram indicates, the harvested bacilli were allowed to 
stand in ethanol for forty-eight hours. The cell residue was separated by filtration on a 
Buchner funnel and was then washed with fresh ethanol.,This residue was then extracted 
for twenty-four hours at 25°C. with a mixture of equal parts of methanol and chloroform. 
The residue was separated by filtration and rejected. The soluble fraction was divided into 
two parts. One part, upon evaporating the extracting mixture was labeled fraction No. 2. 
The other part was allowed to stand for twenty-four hours at 5°C. A precipitate formed 
which was filtered out and designated insoluble fraction No. 4. Then the solution was cooled 


1 From the Departments of Bacteriology and Physics, University of Michigan, Ann 
Arbor, Michigan. 

2 Aided by a grant from the Veterans Administration. 

* Obtained through the courtesy of Mr. William Steenken, Jr., of the Trudeau Labora- 
tories, Trudeau, New York. 
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FLOW DIAGRAM 4 
H3TRy 


ALCOHOL! « 46 HRS. + | ALCOHOL | 48 HRS 


SOLUBLE FRACTION nesioue SOLUBLE 
EXTRACT WITH 1:1 MIX OF 
ANO CHCL, FILTER 


RE SIOVE SOLUBLE FRACTION 
DIVIDE SOLUTION INTO TWO EQUAL PARTS 


EVAPORATE HRS 


FOR 
SOLVENT COMPLETELY ‘ 
FRACTION 2 SOLUBLE FRACTION INSOLUBLE 
PLACE AT -30°C FOR FRACTION 4 
24 HRS. - FILTER 


‘ 
SOLUBLE FRACTION -8 INSOLUBLE FRACTION -6 


Tw @ 


PLaTE 1. These spectrums are of the No. 4 fraction of the H37Rv strain. The first two 
are from cultures harvested March 3, 1951; the last two are from cultures harvested May 
11, 1951. 


to —30°C. for twenty-four hours. A second insoluble precipitate formed which was separated 
by filtration and called insoluble fraction No. 6. The remaining soluble material, fraction 
No. 8, was deposited upon evaporating the solvent. 
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INFRARED SPECTRUMS OF FRACTIONS OF M rUBERCU LOSIS 


RESULTS 


While all four fractions showed a satisfactory degree ol reproducibility and all 
permitted a spectroscopic differentiation of the H37Rv strain from H37Ra, 
one traction proved better adapted for the purpose than the others and therefore 


only spectrums of this fraction, the No. 4 fraction, will be reproduced 


The spectrums of the No. 4 fractions of H37Rv are to be found on plate | 


The top two spectrums are of the fractions pre pared SIX weeks previous to the 


Pirate 2. These 
from cultures | 
1951 
spectrum of the 


nspection of 


fractions represented by the two lower spectrums The third 


t reproduced but it is identical to the other two 


latter set Is not 
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Ss prepared at the 


degree of accuracy. This ts true, not only between the fraction 


Same time tut \ those prepared on different dates The largest 


variation im the spectrums of H37Rv is in the some vhat greater mtensitv of the 


12.444 band of the top spectrum. Also the band at 9.82 of the second set is some 


what more intense than it is in the first set 


The spectrums ol plate 2 are of the H37Ra fractions. The top spectrum 1s 
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and Johnston (Holinger, P. H. and Johnston, K. C.: Tr. Am. Acad. Opth., 1950, March 
April, p. 385). It is 8 mm. in diameter and 40 em. long. It consists of two parallel tubes, 
the lower one large enough to admit the right-angle telescopic bronchoscope (Broyles, 
E. N.: Tr. Am. Broncho-Esoph., 1948, 13), and the upper one large enough to admit a 
No. & ureteral catheter or the standard light carrier. At the distal end of the upper com 
partment there is a deflector controlled by a wheel at the proximal end, which deflects the 
catheter to the desired angle (figures 1 and 2 

The bronchoscope is introduced in the usual manner, either with or without a laryngo 
scope, with the light carrier in the upper compartment The main bronchi and ostia are 


inspected in the usual manner; the light carrier is then removed and, with the right angle 


telescope in the larger compartment, a more detailed examination is made of the orifices 


of the apical, posterior ind anterior branches of the right upper lobe bronchus, the lateral 
ind medial branches of the right middle lobe bronchus, the apical posterior and anterior 
branches of the upper division of the left upper lobe bronchus, and the superior and 
inferior branches of the lower division of the left upper lobe bronchus. Either the fore 
oblique telescope or the right-angle telescope 1s used for all lower lobe bronchi as the 
position may require 
When an inflamed orifice is found or pus is seen coming from a branch bronchus, a No 
ureteral catheter is introduced through the smaller compartment until the end is seen 
» telescope. The distance from the main bronchus to the edge of the lung over 
itheterized is measured on the postero-anterior film. This measure 
narked on the catheter extending from the proximal end of the scope by attaching 
i piece of adhesive tape which acts as a stop to prevent the catheter from being inserted 
too far. When the desired orifice of the bronchus and the tip ol the catheter are seen in 
the telescope the catheter can » introduced into that bronchus. By using the gentlest 
pressure, anv narrowing or stenosis of the bronchus can be discovered by the resistance 
offered to the introduction of the catheter. The calibrations on the ureteral catheter, as 
t extends out of the | x il end of the bronchoscope, indicate the distance of the ob 
struction from the distal end of the bronchoscope. If this resistance is due to congestion 
the membrane, | o ce. of neosynephrine instilled through the catheter will shrink 
» membrane and all catheter to pass further. If the obstruction is due to stenosis 
kink, the catheter v not go on and lipio mav be instilled through the catheter 
order to | ruction roentgenography 
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evel could be seer roentgenograms of the chest. On bronchoscopy the ght angle tele 
scope reve i pus co “ the right posterior apical | nch. The catheter was intro 
" > mu nto the nchus. Neosvnephrine instilled through the catheter w followed 
soon he ed. The antil - ! ve been chiet responsible tor the he ng ot the Dscess 
it, since anti tics e usu tf greater benefit in curing al DScess hen there is ace 
ite drainage, the use the catheterizing bronchoscope probal led and speeded up 
he he ng of the diseased are n this lung (figures nd 4 
( e 2. TI t S-vear-old mate with sputum positive for acid-fast baecih 
vithout roentgenog lence of pulmonar lise use Bronchoscoy nea the re 


ISS NOTES 
>. — 
| 
/ Cte / 
ht Left). Roentgenogram showing abscess density in right mid-lung f | 
I 1 (Right). Roentgenogram showing clearing of the abscess density with residual sear 
| 
~ We Case FI 
| ( f I ue ‘ ‘ iberculosis 
Rigl Roent genog lens nid port f right 


old female whose roentgenograms 
lung. The } ient’s sputun 3 


il cultures of 


the necessit oft 


Hecessary 


when the 
ommended | Nordenstrom 


catheter 


ind Norli Nor 
35. 


abscesses 


in 


wing 
(ADMINISTI 


RNANDO. CALIFO! 


1] 


\ 
NOTES 
e 3. The patient revealed alr rea ol 
tive for tubercle bac Bronchoscopy with the right-angle telescope showed congestiot 
ter tio? ind wast y this ncehus. a positive culture tor tubercle tac is Obtained 
higure 
‘ theterizing ‘ e fas the following uses 
With the telescope lense the bronchoscope affords a means of accurate itheterizatiol 
of anv branch bronchus 
Secretions can be collected me er their source than in the main stem and bevond the 
reach of the flexible tip suction 
he bronchograms ot zed area of the Ing plodol in be put into a certain 
desired bronchus under direct ind in that wa illeviate exposing 
the patient and operator to is placed 
B. | \\ ind Norlin Acta radio 
In some cases, more lequate drainage of lung (fmmmmmee com be obtained | placing 
neosvnephi r the evacuation of pus 
September 


Books 


Pp 


Massachusetts 


uBLic HEALTH NwuRsSE AND HER 


can again take pl 


understandit 


interest to a 


It 


The 


nursil 


Will 


ipl 


Miss Gilbe 


health nursing 


be re 


t must 


Nurse and Maternity Patient 


ide in her achievement 


} 


} 


Patient. Revised edition. By Ruth Gilbert 


S45, published Io! The Commonwealth Fund, H iry ird I niversity Press Cambridge 
1951. Price, $3.75. 


ind enlarged edition of Miss Gilbert’s book, the nursing profession 
Every professional nurse can get needed help 


erself and her patients. While the book is written for nurses, it will 


ed profession il people who want to learn more about the job ol public 


| here as it relates to nursing the 


tuberculous patient and his family 
understood that, even thoug! 


certain parts of the book are not dis 


ind “The Child in His Family,” thes 


ure 
the nurse and the tuberculous patient 


ind family. The family is 
tuberculous patients and ies have emotional problems re 


ildren in these families have bel 


el ivior problems.’ Public 


int to learn more about these problems so thev ean he » tuber 


Tal who have them 


nental hvgiene 


the principles and phi 


rt states that mental hvgi s nota panacen It cannot y blanket 


orking W tl people There is grow 
‘ne offers ni uch short cuts but rather an 


ot working it of stopping to thi what the bel 


may mean in relatio >a situation and 
ement sets the tone of the book. The selection of case mate 
on to health an ness situations and the wav in whiel 


to the MNDIEN ‘ 


| 
However. 
issed, Such as 
equa mportant to 
the init I ser e and 
iting to pregnar 
health nurses w eee 
llous patient and 
vives vitality to 
lefhinitions of the rignt oF ng 
borat 
berate ser nt method 
the patient and others reel 
strates the tient s the 
The establishment elationship between the nurse and her patient ts diy brought 
it in the ter or Teaching Healt! There are those patients who read recept 
the nurse ' er s¢ ce because the want her help. and the ise it constructive 
There “Tt tients who accept her and her set ees otional needs 
! event the mav orm not be able to use her help constructive 
tients reject the nurse and her services tx ise Of deep-seated and complex 
robe nt vhich make het ind her ser es painlul to thet For pole 
\ ing iv int college student vas post-sanatoriu: matient ho 
eed , " He told the nurse not to visit | saving bitter that he knew 
shi é t tuberculosis and did not want to be re nded of his ness by het 
The ‘ ntribute to resistance on the part of the patient if she does not recog 
e he ‘ tior reactions to a given situation. Her judgment mav be colored by 
her own st | h interfere with her ability to stop to think, tot to understand 
ind to kee showing disapproval even when she cannot approve of the patient’s 
bel It the non-judgment nonauthoritative attitude with patients that helps 
her to est the relations! that is basic to her work with all people 
hive t nurse has had leelngs lrustratior taiure 


not 


juestior 


pomts 


patient s re 
gression, evocentri 


‘actions take hold 


i person the } 


doctors 


Miss Gilbert say 


the nurse to 


his behavior 


uncom 


when pert 


SCUSSINE 


the anxieties whi 


patie nt’s denial of 


radically altered; fe 


Those 


ind others g 


il 


t 


fear of hospitalization 


recommended 
nendation 
} osp tn 


it 


to enter the 


fears by saving tl 


rated from their f 
treatment 


illness. the 


she 


is advising 


The tubers ulous patient 


ig it 


Miss 


inother searel 


health 


nurses 


There 


imination 


is no shor 


patient m 


imi 


I 


t 


mtient 


in the hosp tu 


wer 


ut 


preoccupation with hin f 


BOOKS 


d to her teaching by making the cl 


work the tuberculous pat 


Miss Gilbert's | 


is who 


we from ook 


must include, for example, the atte 


natorium of 


the 


or him to go i in « 


nurs¢ 
sometimes politic 
imember 
] 
e complex lives 90 


tis possible tor 


to her d their 


th nursing as the ition of med 


uught out through ease material 


icute or cl 


The extent t 


nis ness, whether ron 


ite the situation dey 


upon the kine unders 


tI 


is he 


possible illness for 
manages is well 


of considering 


recurrence of illness 


he | 
the 


is 


in uncons 


perso! hose 


troubleson nurse 


patient, this brings out son 


cute among tuberculous patient 
Fear that | 


ised 1 teal 


it he 


most often b 
hi 


cLISCUSSeS 


future, s job; fear tl may have 1 


bert 


hurses can heip 
In 
pat ent to 


how 


they understand these 1© 


le 
the 


will not | 


se, explain the hospital regimen and 
he ean understand them. She can help 
hospital her 


r going to 


ind the 


the 
do not know what 
at he 
ind the 


ne 
she 


ve conhdence in 


seems to understand wl 


the nurse 
re-examinations, 


ivol ible diagnosis, is 


»himaf 


Certainly mere 


e of bringing him 


manges in 


llowing 


their 


ives 


ent and his famil 


npt to convince 


ther wavs radi 


responsible for 


il pr 


show 


essure 


mia 
o results 
! people It 


the wo 


Is a 


econcile 


always fear 


inv of these 


» whiel 


end upon the 


i 


tand ng the nurses, 


e patient 
r lee lings 
t he 

we 
1ous Neer 
tlessness or 


res 


of the fe and 
The 


whole life will be 


irs 


Ss tuberculous 
nfected others; and 
patients to accept 
the recom 
make a decision to 
the steps necessary 
him to express his 
» they will be sepa 
to expect from the 
ibout his 


Is 


ng 
ot treatment 


m one doctor to 


imiliar to all publi 


isistence 


on ex 


toa pl vsician 


19] 
when patients do resp) eee 
can say “Amen” to this pass: 
Teaching health frequent 
cally to change the course of his life. Not onl — 
progress in mat suct nstances, but pressure 
be brought to bear on the organization of whicl 
Qin the other hand, the nurse is dealing with tl 
how farwe ntrude on them. Perhaps | ees 
gues Of View when we re e that our recognition of people’s complexity and the 
vavs in which the nurse 1 relate problems is 
ust as literally public hea | {acts 
(observing, stening nd responding as purposelul SKIILIS which the nurse uses in a 
variety of ways are al re 
CS 
that an understatr ng ot the | 
as a patient. We mav make the mistake 
GEE aps he accepts his illness easily 
He may, in fact, be f e poorly adjusted that ro 
In dimmu the chros 
are particular 
ment 
tal care, t 
| Tu ol 
xo that 
ps 
for a long 
begin to his 
cm to helping these patients. eee 
will often add to the patient’s resistant 


BOOKS 


192 
There ‘ examples in this book of the } ems the tul lous patient and 
far lit w ‘ ‘ t t ‘ e had little under 
t t ‘ ng ot ir patient's behavi even less about This book 
‘ thers why t fients~ thre es 
SOUTH 
New York, N. ¥ 
Ni AND oF Tt cl Revised edition. By H.. W 
Hetheringtor e W. Eshleman. Pp. 361, G. P. Putnam's Sons, New York 
i P e S4.50 
| ‘ ts tl textln tuln losis the xt 
thy apaas The athe ex it} bile 
The th erning y he ngs is 
th os bile imentation t iwhout. In gene the 
bat Illustrations nd g ure } vs 
| ‘ The ent hie thy the treatment tuly te 
‘ te ! fe es t it ‘ matizatior lers 
y ‘ the ‘ nteg tel t iv it. the t 
Prevent Among Nurse Preventio Puberculosis ticular 
nterest ft ‘ The details of health teaching event orme tug the 
¢ eel ‘ te ( ert re ew oft 
thes« te ich t bu ninlenes rel e fear in the nurs bye ei 
| Tt t the k the nurse is recognize sa teacher and as a te vorker with 
‘ ‘ t te nm the nt of tuberculosis. Nume is Suggestions are given 
. | ‘ support to the nurse in these es 
l te r ‘ ted to fat health ser ex rl f case studies guide the 
thre ortance of the mit. the } Tole precipitate 


BOOKS 


HEALING 


us. 195] 


Known to tube 
sritish Nationa 
known tl 


} = the 


iENDLICHEN 


rt. 


ITUBERCULO 


DE AHORROS 


tulbere 


LINFUHRUNG 


ST OF SICKNESS 

d th \lonogra fanization 
Nations neva. 1951. Price. $1.50 

SOMETHING Can Bi one Anout Curonic ILLNess. By Herbert 

Publie Affairs Pamy No. 176, New York, 1951, Price $0.25 


13 
tuberculosis, and her t in assisting families t! ins to meet these problems. Out 
nes are presented to stimulate the public health nurse and the hospuit nurse to parti 
rate ! i md WwW i conterences 

The revision of this textbook v issure its continued use in the we leserved pine 
t fins estal shed un losis nursing 
Aumepa M. KING 
Washington, D. ¢ 
Tue Toucn. By Harley W ims. Pp. 40S, Charles C Thomas, Springfield 
Price, $6.75 
The ithor of this book is we culosis workers throughout the world 
berculosis. It is perhaps not so we sa barrister-at-law, a novelist, and a 
ediceal historian. The Healing Toucewmmmm \atest of a series of fascinating medical biog 
iphies from his har It is ( printed, in a plensing format Althoug! t deals but 
slight vith the subject tuberculosis, a readers in that held w find it deep re 
ding for its attractive literary stvle, its wealth of unusual biographical deta nad 
ove or its penetrating insight into the personal driving forces of a group of eminent 
en al mer | eu red med progress 
R. LONG 
BOOKS RECEIVED 
Tue PATHOGENESIS oF Tt RCULOSIS, Second Edition. By Arnold R. Rich. Py OILS 
istrations. es C Thomas, Springfield, [limois, 1952. Price, $15.00 
PENICILLIN Decap 4 951, Sensitizations and Toxicities. By Lawrence Weld Smit 
nd Ann Dolan W er. P 22, The Arundel Press, Inc., Washington, 1D. 
Price, $2.50 
| RCULOSIS Ex MEN EN EL Copay DE LA DIHIDRO REPTO 
MICINA EN LA TI ROULOSIS EXPERIMENTAL. Tesis de Doctorado. By Ramon Vargas 
Machu Pp. 7S, Edit Medica Peruana 8. A., Lima, 195 
Le RaploLoGique SYSTEMATIQUE DES AFFECTIONS DU THORAX (Son Principe 
Ses Modalitie Son Rendement). By Maurice Bariét nd Charles Courv. Pp 
216, Masson & Cie, Paris, 1952 
VoRLESUNGEN LU BEI CUBERKULOSE DES KINDES UND By Werne 
Catel. Pp. 207 t <trations. Georg Thieme Verlag, Stuttga ME, Price, S3.S0 
’ DER Tt STUDIE-COMMISSIE VAN DE NEDERLANDSE CENTRALI 
VEREENIGING Ti B NG DER TuBpercULosE. Pp. 9S, ‘s-Gravenhage, Riouw 
stratt, Holland, 195 
PUBLICACIONES DEL IN uro ANT “FRANCISCO DE LA CaJa 
ee. Volumen IX. Pp. 143, Instituto Ant 
“Francisco Moragas’, Barcelona, 1951 
pit) By G. F. Haenisch, H. Holthusen, and A. Lieelt 
Pp. 521. witl istrations. Georg Thieme Verlag, Stuttgart, 1951 
4 


American Trudeau Society 


Medical Section of the National Tuberculosis Association 


History of Diagnostic Standards and Classification of Tuberculosis of the 
National Tuberculosis Association 


1950 edition of Diagnost 


lrudeau Societ Was furnished with ief outline of the 

it the present was an appropriate time to review the 

f this now higl nfluent document and requested 

i wider distribution. The fo owing pages are the 

the organization 1d committee structure con 

preparation « ie series of editions he principal changes in text 


ntroduced w the passage ol eur ad growth of understanding ol 


fter the National Association for the Study and Prevention of Tu 
1904, a letter from the first president, Dr. Edward Livingston 
i meeting of the Board of Directors (April 14, 1905) suggesting 


er the classifi 


Dr Trudeau be re 


intention expressed | s letter hereupon appointed a 
menciature Of six member ( \ r. Vineent ¥ Bow 
Dr. W. H. Bergtold, Denver Lawrason Brown, Saranat 
\MIaxon King, Liberty, N. \ r. George W. Norris, Phil 
Brook, N.Y 
ymmittee will be found on page 2 f » TRANSACTIONS of the 
d May 1S 1905, in Washington 1). The Committee 
for the method of comparative statistics for pulmonary tuber 
nodifieations of this scheme as published in Twherculosis 
the Central International Bure the Prevention of 
ireau was the Executive Office of the International Tuber 
he fifth meeting was being held that vear in Paris The Com 
ition, and the TRANsactTIoNs record the discussions 
meeting. The report of the Committee was approved 
meeting (2), the same committee reported again, stating that the 
heen circulated to more than 100 sanatoriums and that the rephe 
f keeping on with the classification as it then stood. The 


i further period wild be allowed in order that a just 


made 
Association, compose tuberculosis speci 
i Association, whic had been organized on Decem 
1905, | . rd mid-winter meeting on December 14, 1907, and the question of class 
heation Was among ypies considered. A committee was appointed consisting of D1 
Lawrason Brow man; Dr. Harry Lee Barnes; Dr. H. 8. Goodall; Dr. Estes Nichols 


and Dr. Leopold ’ gy. This committee was asked to consider the classification 


4 


in the Nationa Tuberculosis Association brought numerous Inquires con 
j cerning the st ts various printings. For its information in answering such queries 
SUCCESSIVE ISSUeS 
some 
resuit the 
eermed th the 
ind new mate 
tuberculosis 
Less than a ye 
Prudeau, was presente 
that a tte tive 
catior ses of pulmonary tuberculosis.”"” The Board voted that 
quested to ri it 
ttee of ( 
ditch. Boston. Chair 
Lake, N. Y.; Dr. He 
lel nd Dr. Jol 
The report of this 
first annual meeting 
refers t& 
culosis and quotes ft 
the montl mul 
Consumption, Berlir 
culosis Congresse rf 
that took pince att 
At the O06 annua 
ous report | 
ne ited consensu 


AMERICAN TRUDEAU SOCIETY 495 


adopted by the National Association, to alter if necessary, and, in any case, to define 
more clearly and accurately the terminology employed and procedures advocated. 

The Committee of the National Association, which had been continued, made a report 
which will be found on page 144 of the Transactions of the 1907 annual meeting (3). 
Another letter of inquiry had been sent out to sanatoriums and hospitals throughout 
the United States and Canada, and the results of the answers were included in the report. 
There was also a discussion of the report, and it was voted to continue the committee. 

The Committee on Nomenclature and Classification of the American Sanatorium 
Association met at the time of the annual meeting of the National Association in Chicago, 
June 4, 1908, but the attendance was small and the Committee report was laid on the 
table to be taken up again at the next meeting. 

The Committee on Clinical Nomenclature of the National Association made a brief 
report at the 1908 annual meeting (4), in which reference was made to information con- 
tained in the 11th annual report of the Loomis Sanatorium in 1907 and the latest report 
of the Adirondack Cottage Sanitarium, Saranac Lake. The Committee asked to be 
discharged. 

At the meeting of the American Sanatorium Association in Washington, May 13, 1909, 
the report of the Committee on Nomenclature and Classification was brought from the 
table and discussed (5). The chairman was instructed to have the amended report printed 
in the Journal of the American Medical Association and to have reprints provided for 
each member of the Sanatorium Association (6). The report was printed in the Janu- 
ary 30, 1909 (pp. 341-348) issue of the Journal. 

In the 1912 Transactions of the annual meeting (7) will be found the report of the 
Committee on Nomenclature of the American Sanatorium Association, Dr. Lawrason 
Brown, Chairman. This report is interesting in that there is a presentation of the question 
whether the word “cured” should be used, and on this the Committee reported as follows: 


Your Committee believes that the time has now come when it is wise to tell the 
people, who have thus far been left partly in ignorance, the real facts of the case. 
They believe that the sanatorium men should take this upon themselves as their 
duty. They should impart the knowledge that tuberculosis is as curable today and 
more so than it was ten years ago, but that further study has led us to the knowl 

edge that it is most difficult to say who is cured and when, if such be the case, the 
cure is arrived at 

For these reasons we believe it wiser to substitute in our terminology the 
words “apparently arrested’ for “apparently cured,” and “arrested” for 
“cured.” In place of “‘arrest’’ we suggest the use of “quiescent,” and in the place 
of “well,” the term “condition of health satisfactory.” 


This report, having been adopted already by the Sanatorium Association, was referred 
to the National Association and the Association referred it to the Board of Directors, 
which voted to appoint a special Committee of Seven ‘‘to consider the question of nomen- 
clature, having due regard for international systems of classification, to confer with the 
American Sanatorium Association on the subject, and to report to the Board of Directors.” 

The Committee of Seven consisted of the following: Dr. John H. Lowman, Cleveland, 
Chairman; Dr. E. R. Baldwin, Saranac Lake, N. Y.; Dr. Vincent Y. Bowditch, Boston; 
Dr. Lawrason Brown, Saranac Lake, N. Y.; Dr. H. R. M. Landis, Philadelphia; Dr. 
James A. Miller, New York; and Dr. Charles L. Minor, Asheville, N. C. Through meet- 
ings and correspondence, the Committee had agreed upon a system of clinical nomencla- 
ture, and the report was presented at the meeting of the Clinical Section of the annual 
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meeting of the National Association on May 8, 1913. After discussion, the report was sub- 
sequently approved by the Board of Directors and represented the official system of the 
National Association. It is printed on pages 243-245 of the Transactions (8). 

The report distinguished the following stages or types of pulmonary tuberculosis: 
“incipient, moderately advanced, far advanced, and acute miliary tuberculosis.” Defi- 
nitions for the stages were based principally on functional disturbance. Incipient disease 
was defined anatomically as “slight infiltration limited to the apex of one or both lungs 
or a small part of one lobe.” The following classification was recommended for designa- 
tion of clinical status in observations following the initial diagnosis: “apparently cured, 
arrested, apparently arrested, quiescent, improved, unimproved, and died.’”’ “Apparently 
cured” was defined as that state in which all constitutional symptoms and expectoration 
of bacilli had been absent for a period of two years under ordinary conditions of life. 
“Arrested” was defined as that state in which all constitutional symptoms and expectora- 
tion of bacilli had not occurred for a period of six months. It was noted in the latter case 
that the physical signs were to be those of the healed lesion. 

In the meantime Dr. Walter L. Rathbun, one of the notable figures in the early work of 
the National Association, had worked out a rearrangement of the National Association 
classification at the Municipal Sanatorium of the City of New York, Otisville, New 
York, in 1910. At the mid-winter meeting of the American Sanatorium Association in 
New York City, December 11, 1915, under the presidency of Dr. Vincent Y. Bowditch, 
Dr. Rathbun’s scheme of classification was offered for consideration (See TRANSACTIONS 
of National Association, 1916, p. 431). In the first paragraph Dr. Rathbun wrote: 


It is evident from the literature that a satisfactory classification for cases of pulmonary 
phthisis has been, for a great many years, a most perplexing problem to the men interested 
in the study of tuberculosis. The present classification of the National Association (TRANs- 
acTIONS, 9, 1913), while possessing a great many valuable features, is in some ways very 
unsatisfactory and has been a source of confusion to many men in sanatorium work. I have 
no intention of suggesting more than a rearrangement of the existing classification 


On motion, the President appointed Dr. Lawrason Brown, Dr. Elliott Washburn, and 
Dr. Walter L. Rathbun as a committee to report on the matter at the next meeting in 
May 1916. At the May meeting the Committee presented its report through Dr. Rath- 
bun who had been made Chairman. After a long discussion it was voted to place the 
matter before the members of the Association to be discussed further at the next meeting. 

At that meeting, which was held at Mt. McGregor, N. Y., December 6-7, 1916, the 
revised classification as proposed was accepted. As Dr. Moorman says in his history of 
the American Sanatorium Association, ‘““This proved to be an important contribution to 
the armamentarium of the clinician interested in pulmonary tuberculosis.” It should be 
added that it also proved to be the basic document in the first edition of Diagnostic Stand- 
ards, which was to come out in June 1917. The first number of Tae American REvIEW 
or TUBERCULOsIS, the new scientific publication of the National Association for the Study 
and Prevention of Tuberculosis, was issued in March 1917 and the first article, entitled 
‘The Classification of Pulmonary Tuberculosis,” was written by Dr. Rathbun (9). 

In this article will be found a history of previous efforts to arrive at a classification for 
pulmonary tuberculosis. Dr. Rathbun reviewed the various anatomical and clinical 
classifications of Bayle, Laennec, Grancher, Frankel, Brehmer, von Sokolowski, Williams, 
Loomis, King, Beneke, Cornet, Bard, Koeniger, and Turban. Turban’s classification be- 
came the basic one in time. The German Imperial Board of Health and the Vienna In- 
ternational Conference on Tuberculosis, in the early years of the twentieth century, 
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adopted it in modified form. The Turban-Gerhardt classification set up the following 
categories: 


I. Disease of slight severity, limited to small areas of one lobe, which might extend 
beyond the spines of the scapulae and the clavicles, or, in the case of involve- 
ment of one apex only, beyond the second rib anteriorly 

II. Disease of slight severity, more extensive than I, but affecting at most the vol- 
ume of one lobe, or severe disease extending at most to the volume of half a 
lobe 

III. All cases extending beyond the limits of II, and all such with large cavities. 


Rathbun noted the fact, however, that in America, asearly as 1887, Trudeau had proposed 
a classification taking into account both physical signs and extent of involvement. He 
noted also that H. M. King had worked out a classification which was used at the Loomis 
Sanatorium in 1903. He also mentioned a classification, based principally on Trudeau's 
scheme, prepared by the American Climatological Association, but no date for this is 
given. 

At the end of the article he printed the classifications as adopted by the National 
Association for the Study and Prevention of Tuberculosis and the American Sanatorium 
Association. Pulmonary tuberculosis was divided, previously, into incipient, moderately 
advanced and far advanced stages, and acute miliary tuberculosis. Dr. Rathbun pointed 
out that the American Sanatorium Association, at its mid-winter meeting on December 
7, 1916, had rearranged the classification on the basis of both lesions and symptoms. 
The classification adopted, as he pointed out, included incipient, moderately advanced, 
and far advanced disease, with symptoms rated as A, B, and C. 

In 1917 a community demonstration of tuberculosis control was set up in Framingham, 
Massachusetts. An announcement of a donation of $100,000 from the Metropolitan Life 
Insurance Company had been made in 1916. It was intended to demonstrate that tuber- 
culosis can be controlled if all the approved resources and methods available are applied. 
The project was under the direction of a special committee of which Dr. Edward R. 
Baldwin was Chairman. Dr. Donald B. Armstrong, now Second Vice-President of the 
Metropolitan Life Insurance Company, was selected as the executive officer of the 
demonstration. In June 1917 the Community Health and Tuberculosis Demonstration 
published a pamphlet entitled Diagnostic Standards in Tuberculosis (10). The foreword 
contains reference to the fact that Dr. Baldwin had appointed a special committee known 
as the Diagnostic Standards Committee and that this committee, working in cooperation 
with representatives of the demonstration, had prepared this set of standards for diagno- 
sis. It added that the Diagnostic Standards Committee had recommended for use in 
Framingham the National Tuberculosis Association’s classification, with modifications 
suggested by Dr. Walter L. Rathbun of the Otisville Sanatorium (11). 

This, the first formal edition of Diagnostic Standards in Tuberculosis, was a more 
elaborate document than any that had previously appeared. It commenced by defining, 
for purposes of the classification, loss of weight, loss of strength, fever, elevation of pulse, 
hemorrhage, family history, exposure, cough, sputum, hoarseness, rales, dullness, altered 
voice and breath sounds, and D’Espine’s sign. It then set up “minimum standards’”’ for 
the diagnosis of active tuberculosis in childhood, which included history of exposure, 
the character of constitutional signs and symptoms, the presence or absence of tuber- 
culosis elsewhere, physical signs in the lungs, and the tuberculin test. It was noted that 
“the X-ray may give valuable confirmatory evidence,” but added “a definite diagnosis 
of tuberculosis is not justified on X-ray examination alone.” 
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The second section of this document dealt with the diagnosis of pulmonary tuberculosis 
in adults with sputum negative for tubercle bacilli. Similar definitions of symptoms and 
signs were given, and again a set of minimum standards was set up. This emphasized 
constitutional factors and required the recognition by technical procedures of some 
pulmonary abnormality. The variable significance of lesions of the apices and basal 
portions of the lungs was pointed out, and reference was made to the presumptive relation- 
ship of pleurisy with effusion and tuberculosis. This section was followed by the formal 
classification suggested by Dr. Rathbun and adopted by the American Sanatorium 
Association at its December 1916 meeting. The pamphlet closed with a two-page state- 
ment on standards for treatment of pulmonary tuberculosis in adults, dividing the latter 
into “suspicious” cases, cases in which the diagnosis was definite, and arrested or ap- 
parently arrested cases. It ended with the sound observation that “common sense, opti- 
mism, patience, and tact are essential factors in treatment.” 

A second edition (12) was printed in October 1917 under the direction of the same 
committee, and only a few minor additions and changes were made. The third edition 
(13) entitled Standards for the Diagnosis, Classification and Treatment of Pulmonary and 
Glandular Tuberculosis in Children and Adults was published in September 1918. Again, 
this was under the same committee, but for the first time the conclusions of a committee 
on tuberculous cervical adenitis were added. These conclusions were outlined in a special 
section on the diagnosis of tuberculous adenitis, which emphasized the following: enlarge- 
ment of the cervical lymph nodes, exposure to tuberculosis from human or bovine sources, 
constitutional signs and symptoms associated with enlarged cervical nodes, the relation 
of diseased tonsils and carious teeth to enlarged cervical nodes, and the differential diagno- 
sis of tuberculosis in these organs. The section concluded with stress on the importance 
of pathological examination and confirmatory evidence such as that obtained by the 
tuberculin skin test. Simple rules were appended for the treatment of tuberculous cervical 
adenitis, which included tuberculin, surgery, heliotherapy, X-radiation, and hygienic 
measures. 

Except for the latter section, the publication was similar to previous editions. For the 
record, it should be stated that two Diagnostic Standards Committees served in the 
preparation of this edition. One of these dealt with pulmonary tuberculosis; it consisted 
of the following: Dr. Arthur K. Stone, Chairman; Dr. Edwin A. Locke; Dr. Cleaveland 
Floyd; Dr. John B. Hawes, 2nd; Dr. Elliott Washburn; Dr. Vincent Y. Bowditch; Dr. 
Eugene R. Kelly; Dr. Henry C. Clapp; Dr. Roger I. Lee; and Dr. Richard Smith. The 
other Committee was on Tuberculous Cervical Adenitis. Its membership was as follows: 
Dr. Arthur K. Stone, Chairman; Dr. Frank B. Mallory; Dr. Fritz B. Talbot; Dr. R. A. 
Coffin; Dr. Channing Simmons; Dr. John B. Hawes, 2nd; Dr. Allen K. Krause; Dr. 
L. M. 8. Miner; and Dr. Charles R. Turner. These committees were continued for the 
fourth and fifth editions. 

The fourth edition (14) was the first one to present Diagnostic Standards as a publication 
of the National Tuberculosis Association, which was the name that in 1918 replaced 
“The National Association for the Study and Prevention of Tuberculosis.” The fourth 
edition changed the order of the sections on childhood and adult tuberculosis, giving 
priority to the latter. In both sections strong emphasis was placed on the history of 
exposure to tuberculosis in childhood. It will be noted that in all of the early editions 
pulmonary tuberculosis in childhood was given a prominent position. This edition, like 


previous ones, included the classification of pulmonary tuberculosis as adopted by the 
National Association for the Study and Prevention of Tuberculosis, with the modifica- 
tions suggested by Dr. Rathbun. It included also a Functional Tuberculosis Classification 
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Chart for convenience in keeping records. This edition was issued by the National As- 
sociation and was published in March 1920. A fifth edition (15), again similar except for 
minor rearrangements, was issued by the Association in October 1922. 

A sixth edition (16) was issued by the Association in April 1926. This was a new pres- 
entation embodying the substance of previous editions but with modifications suggested 
by a new Diagnostic Standards Committee appointed by the President of the NTA 
in 1925. This Committee consisted of the following: Dr. John A. Smith, Chairman; Dr. 
Fred H. Heise; Dr. Alexius M. Forster; Dr. Henry D. Chadwick; Dr. Clarence L. Hyde; 
Dr. Walter L. Rathbun; and Dr. J. Burns Amberson, Jr. In the opening paragraph 
of the sixth edition five principal criteria for diagnosis of pulmonary tuberculosis in both 
adults and children were set forth. These were as follows: (1) history of hemoptysis of one 
dram or more without any other known cause, (2) history of an otherwise unexplained 
pleurisy with effusion, (3) definite rales which persisted for a week or more in the upper 
half of the chest, (4) definite evidence of parenchymal changes in roentgenographic films, 
usually in the upper half of the chest, and (5) demonstration of tubercle bacilli in the 
sputum on two or more occasions. Following the definitions of symptoms, which were sub- 
stantially as given in previous editions, a small and most important section on “examina- 
tions” was inserted, the opening paragraph of which stated significantly “It is now recog- 
nized that the proper taking of X-rays, preferably stereoscopic, is an essential procedure 
in examination of the chest.” From this time forward, as study of the succeeding edi- 
tions shows, less and less emphasis was placed on physical examination and more and 
more on the appearance of abnormalities in roentgenograms. 

The sixth edition also carried a statement on methods of determination of clinical 
activity. This statement stressed the need for correlation of clinical, laboratory, and 
roentgenographic data during the period of observation, preferably in a sanatorium. It 
called attention to the fact that progressive disease may exist without the presence of 
symptoms, and emphasized the desirability of repeated physical examination and serial 
roentgenograms in determining activity. Significantly, also, in light of the final conclusion 
of the committee in charge of the edition which appeared in 1950, it stated that “The 
appearance of tubercle bacilli in the sputum does not in itself mean activity of disease, 
but does indicate a less favorable type of lesion.” 

Another significant change was the combination of sections, previously separated, into 
one section entitled ‘“‘The Diagnosis of Pulmonary Tuberculosis in Adults and Children.” 
A subsequent section dealt with the diagnosis of hilum tuberculosis; this noted the fact 
that hilum tuberculosis is usually found in children, but may occur in adults, particularly 
in Negroes. This section listed “prominent trunks with definite beaded appearance or 
nodular in outline, extending from the hilum”’ as one of the characteristic roentgenographic 
findings of hilum tuberculosis, a pronouncement that probably led to much over-diagnosis 
in succeeding years. This edition, which represented the most extensive change from 
previous editions thus far, classified tuberculosis for the first time as minimal, moderately 
advanced, and far advanced (with the word “incipient” in quotes after minimal). The 
anatomical and symptomatic classification was essentially like that followed in previous 
years, but a more extensive description of the physical and roentgenographic findings in 
minimal, moderately advanced, and far advanced disease than had ever appeared before 
was given. 

The seventh edition (17) was issued in November 1926 under the auspices of the same 
committee. It is a reprint of the previous edition. 

Another reprint appeared as the eighth edition (18) in May 1928. This was brought 
out by the same committee which reprinted the previous edition. 


500 AMERICAN TRUDEAU SOCIETY 


In January 1931 the Association issued a ninth edition (19) under the auspices of a 
new committee appointed by the President of the Association in 1929. This committee 
consisted of the following: Dr. Fred H. Heise, Chairman; Dr. J. Burns Amberson, Jr.; 
Dr. Henry D. Chadwick; Dr. Stephen A. Douglass; Dr. Cleaveland Floyd; Dr. Clarence 
L. Hyde; Dr. F. Maurice MecPhedran; and Dr. H. E. Kleinschmidt, Secretary. This 
edition contained a new presentation of Diagnostic Standards as prepared by the Com- 
mittee. The 1931 edition also departed extensively from the editions previously published. 
It incorporated a new section on “Technical Procedures” in which an outline was given 
of methods for carrying out the tuberculin test, roentgenographic examination, and 
procedures for the detection of tubercle bacilli in sputum and other body fluids. The in- 
tracutaneous tuberculin test was designated as the procedure of choice. The description 
of roentgenographic technique was lengthy and detailed. In this edition an attempt was 
made to correlate the clinical features of tuberculosis more accurately than ever before 
with the pathological processes concerned. The opening chapter on the “Sequence of 
Events Following Infection” signalized the new trend. The material presented in that 
chapter was entirely new; it represented the culmination of a long period of research on 
the relationship of allergy and immunity and the distinction between primary and rein- 
fection types of disease in tuberculosis in children and adults. The second section of the 
pamphlet outlined precisely the characteristic differences between childhood and adult 
types of tuberculosis. 

The distinctions listed are those considered as holding today between primary forms 
in children and reinfection forms in adults. Then followed chapters on the diagnosis and 
classification of the childhood and adult types of tuberculosis. The stand was taken that 
the reinfection of adults might be endogenous or exogenous. This edition introduced the 


present definitive limits of minimal tuberculosis in terms of the second chondrosternal 
junction and fourth and fifth vertebral spines. The previously accepted classification of 
cases on the basis of severity of symptoms was abandoned in this edition. The 1931 
edition proposed a descriptive classification of lesions as observed in roentgenograms 


in which the terms “exudative” and “productive” were employed, which, as is well 
known, proved to be a source of contention in later years. 

In 1935 the same Committee wrote a revision which was published as the tenth edi- 
tion (20). This edition introduced many changes in arrangement. The classification of 
childhood-type tuberculosis was simplified. It included (/) parenchymal lesions, (2) 
tracheobronchial lymph node lesions, and (3) combined parenchymal and tracheobronchial 
lymph node lesions. This edition recommended PPD tuberculin as the reagent of choice 
in the Mantoux test. The terminology for classification of patients with adult-type tu- 
berculosis was the same as that given in previous editions. Recommendation for a quali- 
tative classification employing the terms “exudative” and “productive” was still carried 
but with conspicuous reservation in view of the practical difficulties which had become 
apparent. 

The President of the NTA in 1936 appointed another committee, and Dr. Fred H. 
Heise again served as Chairman and Dr. H. E. Kleinschmidt as Secretary. Other members 
of the Committee were: Dr. J. Burns Amberson, Jr.; Dr. G. Burton Gilbert; Dr. R. H. 
Kanable; Dr. John H. Korns; Dr. F. M. McPhedran; Dr. Max Pinner; Dr. C. A. Stewart; 
and Dr. P. A. Yoder. The Committee issued a tentative edition (21) in 1938 and in the 
foreword stated that, shortly after the publication of the tenth edition, questions were 
raised by various clinicians and pathologists concerning certain classifications and inter- 
pretations of terms. In appointing a new committee, the President had tried to select 
members who would take into consideration the varying viewpoints and seek to work 
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out composite statements which would be acceptable to all, or at least to the majority. 
The manuscript prepared by the Committee had been sent to a number of clinicians in 
order that the new classification might be tried out in actual practice. It was clearly 
evident that, since publication of the 1935 edition, objection had arisen to the terms 
childhood-type and adult-type tuberculosis. These were replaced in the 1938 edition by 
“primary tuberculosis” and “reinfection tuberculosis.” The volume opened with a section 
on “Pathogenetic Development of Pulmonary Tuberculosis,’ which was a manifest at- 
tempt to state principles on the relationship of primary and reinfection tuberculosis with 
which the majority of tuberculosis specialists agreed. As the introduction stated, the 
classification preserved the old features of extent of lesions and symptomatology, but 
included others to aid in identifying the pathogenesis of the lesion and to assist in de- 
termining its prognostic significance. The second section attempted to correlate the 
clinical course of tuberculosis with current pathological conceptions. The edition included 
a chart for convenience in classifying and summarizing chest lesions in individual cases. 
A definite growth in knowledge of tuberculous lesions from all points of view is evident 
in this now much enlarged edition. The terms employed to designate the character of 
the disease as observed after its diagnosis were “quiescent,” “apparently arrested,” 


“arrested,” “apparently cured,” and “unstable (cr active).” 


In the 1938 edition, for the first time a section was introduced on “Tuberculosis Con- 
trol.”” This recommended a nationwide program for detecting active and potential human 
sources of contagion as an ideal, and stated that such a program required repeated ap- 
plication of tuberculin tests and periodic clinical roentgenographic and laboratory ex- 
aminations of each infected person. 

The definitive edition (22) of Diagnostic Standards was issued as a 1940 edition by the 
Association. Within the two-year period between the tentative edition of 1938 and the 


definitive edition of 1940, dissatisfaction had again developed over terminology with 
respect to primary and reinfection-type tuberculosis. In the definitive 1940 edition, pri- 
mary and reinfection ‘phases’ were discussed. Otherwise the section on pathogenetic 
development of pulmonary tuberculosis was essentially the same in the two editions. The 
section on “Diagnosis of Tuberculosis” divided the pulmonary disease into pulmonary 
tuberculosis with and without symptoms. Students of the long series of editions will 
note a continuing removal of emphasis in the later editions on the subject of primary 
tuberculosis in children, reflecting a lessening prevalence of the disease in the American 
population. 

The definitions of pulmonary lesions in terms of extent remained the same as in the 
preceding edition. Under clinical status, the 1940 edition substituted “(frankly) active” 
for the previously “unstable (active).” 

In preparation for the latest edition (1950) of Diagnostic Standards and Classification 
of Tuberculosis the President of the American Trudeau Society, which is the medical 
section of the National Tuberculosis Association, was authorized in December 1944 to 
appoint a Committee on Revision of Diagnostic Standards. The Committee began work 
in 1945. The membership of the Committee was changed slightly during its six years of 
work; at the time of publication it consisted of the following persons: 


Ralph Horton, M.D., Chairman Edgar M. Medlar, M.D. 
Howard W. Bosworth, M.D. Oscar A. Sander, M.D. 
Ezra Bridge, M.D John D. Steele, M.D. 

W. Edward Chamberlain, M.D. George J. Wherrett, M.D. 
Herman E. Hilleboe, M.D. Roy A. Wolford, M.D. 


‘ 
\ 
\ \ 


502 AMERICAN TRUDEAU SOCIETY 


There were four subcommittees, with membership as follows: 


Subcommittee on Evaluation of Laboratory Procedures: 
C. Eugene Woodruff, M.D., Chairman M. L. Fureolow, M.D. 
Emil Bogen, M.D. Max B. Lurie, M.D. 
Edwin A. Doane, M.D. Edgar M. Medlar, M.D. 
William Steenken, Jr. 


Subcommittee on Tuberculin Te sting: 


Joseph D. Aronson, M.D., Chairman Carroll E. Palmer, M.D 
Florence B. Seibert, Ph.D Sol Roy Rosenthal, M.D 


Subcommittee on Clinical Classification: 

John D. Steele, M.D., Chairman Ralph Horton, M.D. 
Robert J. Anderson, M.D. Carl Muschenheim, M.D 
Howard W. Bosworth, M.D. J. N. Wilson, M.D. 


Subcommittee on Patholog y: 


Edgar M. Medlar, M.D., Chairman H. Stuart Willis, M.D. 
Morton E. McCutcheon, M.D. C. Eugene Woodruff, M.D. 


This edition (23) is referred to in the introduction as the ninth edition. In preparing 
the pamphlet for publication, the Publications Unit of the National Tuberculosis As- 
sociation made an examination of all previous editions and discovered that the Association 
had incorrectly labeled some as new editions which were merely reprintings with very 
few changes. A correct listing was then made of those printings which could be justifiably 
labeled as new editions on the basis of appointment of a new committee and change in 
text or incorporation of new material. Therefore, the 1950 edition is now referred to as 
the ninth edition. 

The 1950 edition of Diagnostic Standards includes a revision of previous material on 
the pathogenesis of tuberculosis, the clinical course of the disease as correlated with 
pathological concepts, and the diagnosis of tuberculosis by roentgenographic and labora- 
tory procedures. New material was added on a screening classification for mass roent- 
genographic surveys, which were in their infancy at the time of the 1940 edition but which 
had become a most important part of tuberculosis control programs in the interim. In 
the interest of precision in diagnosis, both text material and a chart were added on the 
bronchopulmonary segments of the lung. The volume ended with a short chapter on re- 
habilitation 

The 1950 edition reflects a definite dissatisfaction with the sharp distinction previously 
made between primary and reinfection tuberculosis. Emphasis is laid on the fact that a 


large proportion of the tuberculosis seen in adults as well as in children in the present 
decade is of primary rather than of reinfection character. The term “progressive tubercu- 
losis” is used without reference to its primary or reinfection origin. 

Much improvement was made in the description of technical procedures. New roent- 
genographic equipment had been developed. Miniature film screening techniques were 
now widely employed, and a screening classification was introduced. The new technique 


of planigraphy had been devised, and its use was indicated. 

The new edition is realistic in its approach to the great problem of activity of tuber- 
culous lesions in the light of new advances in laboratory diagnosis. The classification in 
the 1950 edition authorized the designation of lesions as “arrested” if they satisfy the 
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usual clinical and roentgenographic requirements even though tubercle bacilli are oc- 
casionally demonstrated in the sputum by refined modern methods. At the same time the 
classification was considerably simplified and thereby made more practical for reporting 
cases. “Inactive” replaced “apparently cured”; “arrested” covered the cases previously 
categorized as “arrested” and “apparently arrested”; the simple term “active” included 
both of the previous groups designated “quiescent” and “‘(frankly) active.” A final cate- 


gory was included for temporary coding purposes, viz., “activity undetermined.” Because 
of the wide use of the terminology of the 1940 edition in official documents, the 1950 
edition carried the two classifications in parallel columns to permit easy translation of 
the old into new terms. 


Diagnostic Standards and Clinical Classification of Tuberculosis is now widely used in 
many countries as an authoritative document. For local use it has been translated into 
other languages. However, it is important to note that the committees concerned with 
the preparation of its successive editions have never looked upon the “standards” or 
“classifications” as static. With the passage of years since the first edition in 1917, much 
has been learned about the nature of tuberculosis. Although the purpose of all editions 
has been the same, and although a strong cord of continuity runs through the entire 
series, the last edition represents a considerable departure in text material from the 
first. The most recent committee emphasized the ephemeral nature of standards, and 
brought out the 1950 edition conservatively as a statement of principles rather than a 
set of rules, in the hope that it would serve as a good general guide to be employed in 
practice with such modifications as seemed appropriate in individual circumstances. 

Esmonp R. Lone 
Freperick D. Hopkins 
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NOTES 


HISTORY OF DIAGNOSTIC STANDARDS 


Attention is called to the “History of Diagnostic Standards’’ on page 494 in this issue 
of the Review. The office of the American Trudeau Society is anxious to obtain several 
complete sets of the various editions and printings of Diagnostic Standards. Members of 
the Society who have in their files copies of editions prior to that of 1935 and are willing 
to give them to the Society are requested to send them to the Executive Secretary of the 
American Trudeau Society, 1790 Broadway, New York 19, N. Y. 
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. eras and projectors—still- and 
‘ 

notice SU 460.20. equipped silt Altar lens motion-picture; film—tull color 

For further in — ni } ond black-and-white (includ 


ing infrared); papers; process 
write for boo t 1-5 


ing chemicals; microfilming 
equipment and microfilm 


EASTMAN KODAK COMPANY 
Vedical Division, Rochester 4. N.Y. 


Serving medical progress through Photography and Radiography 


KKodalk 
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TO SUPPOR 


Capricious appetite is a very real obstacle 
on in the dietary man- 
When 


iy-out fare loses its appeal, an attrac- 


to proper alimentati 


agement of tuberculosis day-in 


and di 


tive dietary supplement rich in essential 


nutrients Can prove outstand lingly | pene- 


ficial. For this pu Ovaltine has re- 


pose, 

ceived world-w 

Pre 
pare 


nutritious 


acceptance. 
with milk, Ovaltine yields a 
highly lietary supplement of 


unique taste appeal, usually meeting with 


METABOLIC NEEDS 


patient acceptance even when other foods 
Irs usefulness in the 


ot 


prov e unattractive 


tuberculosis is 


dietary management 


based on its generous content of virtually 
all essential nutrients. Hence its regular 


consumption daily (three glassfuls) can 


go far in overcoming dietary deficits re- 


sulting from anorexia or a jaded 


appetite 
The table below outlines the wealth of 
nutrients contained in three glassfuls of 


Ovaltine in milk 


CHICAGO 1, ILL. 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., 


Three servings of Ovaltine, each made of '/2 oz. 
of Ovaltine and 8 fl. oz. of whole milk, provide: 
VITAMIN A 3200 1.U 


VITAMIN D 420 1.U 
ASCORBIC ACID 


PROTEIN 
CARBOHYDRATE 
FAT 
CALCIUM 
> )THENIC ACID 
E 


THIAMINE 
CALORIES 658 
Two kinds, Plain and Chocolate Flavored. Serving for 
serving, they are virtually identical in nutritional content. 


PHOSPHORUS 
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JACKSON 


by 


Pilling supplies the complete line of genuine 


Jackson bronchoscope the approved models 
standard for use with all equipment in the stand 
urd Jackson-type Clinic 


Pilling makes every size and ry type of broncho 


scope devised by Dr. Chevalier Jackson, and makes 
ot service from Broncalloy 

Broncalloy instruments are lighter, yet stronger 

thin but rigid—smooth in surtace, bite-proot and 


resistant to corrosion, distortion and damage 


Order direct from 
George F. Lilling and Ion 
Company 
Headquarters for 3451 WALNUT STREET « PHILADELPHIA 


INSTRUMENTS FOR BRONCHOESOPHAGOLOGY 
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NAPT 
Maryknoll 
S A N A TO R | U M AND EMPIRE 


HEALTH AND TUBERCULOSIS 
Maryknoll Sisters CONFERENCE 


Central Hall, Westminster. London 
MONROVIA, CALIFORNIA Sth to 13th July, 1952. 


e SUBIECTS will incluck Tuberculosis 
problem forall Peoples : Domiciliary mar 
ment of the open respiratory case j 
minumal lesior Protective vaccn 
ifter-care Tuberculosis in British 
territories Nor pulmonary tuberculosis 
clmeal and admunistrative problen 


patient in industry 


e VISITS to Sanatoria, | wspitals 
ifter the lectures and discussions 


f general mterest organised during 


from the Secretaryv-General 


Sister Mary Pietra, R.N REGISTRATION forms 
Tavistock House North, 
NAPT, | Tavistock Square, 
E. W. Haves, M.D London, W.C. 1. 
Medical Duerector The conference fee is four guineas 
sterling, or thirty shillings sterling for 
a single day or session. 


Bindings for Review Copies 
Tue AMERICAN REvIEW OF TUBERCULOSIS will bind current and back 


numbers of the Review in standard uniform cloth binding. 


Cost of binding, $4.00 per binding 
Transportation and wrapping charges additional. 


Please fill in the order below, detach this page and mail to: 
AMERICAN REVIEW OF TUBERCULOSIS 
1790 Broadway, New York 19, N. Y 
Please fill my order for binding my Review volumes in the manner checked, supplying all the missing 
numbers 
O Original Articles and Abstracts of each volume separately at $8.00 per volume for binding 


0 Articles and Abstracts for one volume in one binding at $4.00 per volume for binding. 
O Articles and Abstracts for entire year bound separately at $4.00 per binding 


I desire volumes* bound and have sent to you at the above address 


under the date of b Volumes 
Pp. or Express 


NaME 


ADDRESS 


*If you order Volume und and wish them combi: 
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Dp. 


Granulate 


A SIGNIFICANT IMPROVEMENT 
IN T. B. THERAPY 


Because Better Tolerated 


In a recent study involving 14 patients who had re- 
acted adversely to sodium p-aminosalicylate, all but 
three subjects were able to take full therapeutic 
amounts of Pasara Calcium Granulate without gastro 
intestinal or other discomfort. 

Pasara Calcium Granulate—sialoresistant coated 
granules of calcium p-aminosalicylate—contains 85 
per cent calcium PAS or 75 per cent free p-aminosali- 
cylic acid. Therapeutically it is just as effective as the 
sodium salt and is indicated for use in conjunction 
with streptomycin therapy. It is rapidly absorbed 
from the intestinal tract and, when given in average 
dosage (12 to 15 Gm. daily), leads to good blood levels 
—5 to 10 mg. per 100 cc. 

Pasara Calcium Granulate is supplied in 1 and 25 
lb. containers. 

Pasara Calcium is also available in powder form 
(1 lb. and 25 lb. containers) and in capsules and tab- 
lets, 0.5 Gm. each (in bottles of 100 and 1,000). 


SMITH-DORSEY, Lincoln, Nebraska 


A Division of THE WANDER COMPANY 


PREPARATION 
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you could treat Diplococcus pneumoniae 
...or streptococcal pharyngitis, sinusitis, and 


otitis media with many therapeutic agents... 


but you can treat them best with... 


Disease 


Penicillin 

Aureomycin 

Terramycin 


Sulfonamides 


_ | 


Diplococcus pneumoniae 
Pharyngitis (streptococcal ) 
Sinusitis (streptococcal ) 
Otits media (streptococcal) 


>>> > 


‘ A — Drug of chovee B — Effective 


ttm, 


| eCnicl in the antibiotic of choice for treat- 


ment of the more common bacterial infectious diseases 


Oral Penicillin t.i.d....is easy to take, does not inter- 
fere with meals or interrupt patient’s sleep, saves time for 
physician and nursing staff. On Keefer’s* dosage schedule 
of 200,000 units, or its multiples, t.i.d., oral penicillin 
therapy is less than 1 the cost of the newer antibiotics. 


formulated for convenient t..d. dosage 


Pp tid 
Squibb 200,000 Unit Penicillin Tablets 


Bottles of 12 and 100 


SQUIBB 
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ALUM ROCK SANATORIUM 
SAN JOSE, CALIFORNIA 


Doctors Are Christmas Seal Collectors 


A hobby in which many members of the medical profes- 
sion find relaxation. You may indulge at home or office— 
any place you have the small kit of necessary material. 
Inexpensive too—e collection of Christmas Seals finds « 


ready market. 


Start now by writing the Collectors Service, 
National Tuberculosis Association, 1790 Broadway, New York 19, N.Y. 


NATIONAL TUBERCULOSIS ASSOCIATION 


ANNUAL MEETING MAY 26-29, 1952 
BOSTON, MASSACHUSETTS 
The annual meeting of the National Tuberculosis Association will be held in Boston, 
Massachusetts, May 26-29, 1952. The Statler Hotel will be headquarters. 
Some 1500 rooms have been promised by the hotels listed below for the accommoda- 
tion of those attending the meeting. Arrange to share a twin bed room if possible. 
Application for room reservations should be made directly with the hotel of your 


3 


Address 


21 Beacon Street 
275 Tremont Street 
Copley Square 
Copley Square 
Kenmore Square 
Exeter Street 
North Station 
School Street 
410 Stuart Street 
91 Bay State Road 
Common’ 


ges wealth Ave. 
uare 


62 Boylston Street 
160 Commonwealth Ave. 
University Club 40 Trinity Place 


222 


88389 


2 


SBR 


LLL LLY 


are 
839 


Telephone: CLayburn 8-4921 
A non-profit sanatorium for the treatment of 
ni [pare Tuberculosis and other diseases of the chest. 
Visiting Medical Staff: 
Harold Guyon Trimble, M.D., Oakland Gerald L. Crenshaw, M.D... 
Medical Director J. Livy d Eatos, M.D., Oakland MD. 
Buford H. Warcrp. MD Corwin Hinshaw, M.D., San Franciece james Kieran 
Robert Stone, M.D., Oakland 
Associate Medical Director 
Cc. Gerald onsulting Pathol 
E. Gwyn Roberts, M.D.. Sam Francisce 
1913 Type! 
‘a1. ~ 
choice. 
Hotel Single 
Bellevue 
Bradford $13.00 
Copley Plaza 
Copley Square 
Kenmore 
anger 
Parker House 
Pioneer = 
Shelton 
Somerset 
Statler 
oo 


Answering repeated requests... 


yophiti zed 


PARASAL SODIUM 


available now to qualified investigators 


Parenteral PAS therapy is playing 
an increasingly important role in the treatment 
of tuberculosis — where oral forms 
are contra-indicated or ineffective', 
pre and post operatively?, and in meningeal 
and acute miliary tuberculosis*. 
Lyophilized PARASAL SODIUM, 
when dissolved in the usual diluents, answers the 
growing need for a sterile, non-pyrogenic 
solution suitable for intravenous or subcutanous 
injection or local application to surgical lesions. 
Write today for complete information. 
Supplied: 100 ce. vials containing the equivalent 
of 15 Gm. of PAS. (17.2 Gm. anhydrous 
sodium para-aminosalicylate, Panray). 


CORP. 


340 CANAL ST., NEW YORK 13, N.Y. 


sterile, pyrogen-free anhydrous powder 
INCES: 1. 

Amtimicrobial Therapy, ~~. Rev. Tu- 

bereulosis, 1951, 6%, 573. 2. W. 

Extrapleural Pneumetherax in Collapse 

Therapy.” J. Theracie Sarg. 1951, 21, 

217. 3.“Meningeal and Acute Miliary Tu- 

berculesis,” Trams. 10th VA Conference 

Chemotherapy of Tuberculosis, January 


